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This pa per pres ents the cur rent ra dio ac tive waste man age ment prac tices at the Paul
Scherrer In sti tute (PSI). The PSI con trib utes to waste re lated prob lems in two as -
pects, namely to the sci en tific ba sis of waste man age ment and dis posal, and to the prac -
ti cal treat ment and stor age of ra dio ac tive waste. In ad di tion to the tasks of treat ing
on-site gen er ated waste, PSI man ages the wastes from med i cine, in dus try, and re -
search through out Swit zer land on be half of the gov ern ment. There fore the  Dis man -
tling and Waste Man age ment Sec tion is a part of the Lo gis tics De part ment at PSI.
Proved and ac cepted meth ods have to be de vel oped for the safe con di tion ing and stor -
age of ra dio ac tive waste. Var i ous waste treat ment fa cil i ties ex ist at PSI. The con di tion -
ing fa cil ity is ded i cated to sort ing, com pac tion by a 120 t press, so lid i fi ca tion with spe -
cial ce ment, and em bed ding in con crete. Spe cial ised fa cil i ties were con structed for
waste from the de com mis sion ing of re search re ac tors. Ac ti vated alu minum and its al -
loys were melted in cru ci bles and em bed ded in con crete in a con crete con tainer. Af ter
dis man tling the struc tural ma te rial of the re ac tors, it was em bed ded in con crete in the
same man ner. For the con di tion ing of ac ti vated re ac tor graph ite, a ded i cated method
was de vel oped. Graph ite was crushed to re place sand in the grout, for em bed ding ra -
dio ac tive waste in con crete con tain ers.
For ac cel er a tor waste, a walk-in hot cell equipped with an elec tri cally driven ma nip u la -
tor is avail able where the highly ac ti vated large com po nents (tar gets, beam dump) can
be cut into pieces and em bed ded in con crete in con tain ers.
To guar an tee the ful fil ment of the de mands of the reg u la tors, the Dis man tling and
Waste Man age ment Sec tion ap plies an ac cred ited qual ity man age ment sys tem for the
safe col lec tion, con di tion ing, and stor age of ra dio ac tive waste.

Key words: waste man age ment, dis man tling, con di tion ing, re search re ac tor,
“med i cine, in dus try, and re search” 

IN TRO DUC TION

The Paul Scherrer In sti tute (PSI, fig. 1) is the
larg est na tional re search cen tre in Swit zer land. Its
multidisciplinary re search is ded i cated to nat u ral sci -
ence and tech nol ogy, i. e. solid state phys ics and ma te -
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Fig ure 1. Bird eye view of the PSI with the round
struc ture of the Swiss light source in the fore ground



ri als sci ences, life sci ences, el e men tary par ti cle phys -
ics, nu clear and non-nu clear en ergy re search, and
en ergy-re lated ecol ogy. PSI is the cen tre of na tional
and in ter na tional col lab o ra tion among uni ver si ties, in -
dus try and other re search cen tres. PSI’s pri or i ties lie in 
the de vel op ment and op er a tion of com plex re search
in stal la tions which are be yond the pos si bil i ties of sin -
gle uni ver sity de part ments. As a user lab o ra tory, PSI
deals with the de sign, con struc tion and op er a tion of
large, com plex re search fa cil i ties for the na tional and
in ter na tional sci en tific com mu nity. In close col lab o ra -
tion with uni ver si ties, PSI con trib utes to ed u ca tion and 
train ing. In part ner ship with in dus try, re search re sults
are trans ferred for ap pli ca tion to new prod ucts and
pro cesses. The em pha sis of the re search has been
shifted dur ing the last de cade from nu clear en ergy re -
search and par ti cle phys ics to wards ma te ri als sci -
ences, gen eral en ergy re search, life sci ences and en vi -
ron men tal sci ences. With the im ple men ta tion of the
neu tron spallation source (SINQ) and the Swiss light
source (SLS), a fur ther strong shift to the study of the
struc ture of ma te ri als has been un der taken.

PSI con trib utes in two as pects to waste re lated
prob lems, namely to the sci en tific ba sis of waste man -
age ment and dis posal, and to the prac ti cal treat ment
and stor age of ra dio ac tive waste [1].

Its sci en tific work is di rected to wards the safety
anal y sis of re pos i to ries by de vel op ing and test ing
mod els and by ac quir ing se lected data to sup port per -
for mance as sess ments of ra dio ac tive waste re pos i to -
ries.

PSI op er ates fa cil i ties ded i cated to re search in
nu clear fields and uses nu clear meth ods in ma te ri als
and life sci ences. These un avoid ably pro duce ra dio ac -
tive wastes which have to be treated, stored and even -
tu ally dis posed of. In ad di tion to the tasks of treat ing
on-site gen er ated waste, PSI man ages the wastes from
med i cine, in dus try, and re search (MIR) through out
Swit zer land on be half of the gov ern ment. There fore,
the Waste man age ment sec tion ex ists in clud ing the de -
com mis sion ing pro jects for old in stal la tions (i. e. the
DIORIT and the SAPHIR re ac tors).

Ob vi ously, the shift of re search em pha sis at PSI
away from nu clear en ergy re search gen er ates a cer tain
amount of spent ra dio ac tive ma te ri als which has to be

man aged. In ad di tion, new sci en tific programmes us ing 
nu clear meth ods are con sid ered with re spect to fu ture
waste pro duc tion. Proved and ac cepted meth ods have
to be de vel oped for safe con di tion ing and stor age.

Near PSI, a new in terim stor age fa cil ity,
ZWILAG (Zwischenlager Würenlingen AG), a joint
ef fort of the Swiss nu clear power plants, has been con -
structed. New waste treat ment fa cil i ties are in cluded
in this pro ject. Af ter its com ple tion in 2002, ZWILAG
took over waste in cin er a tion from PSI [2].

WASTE MAN AGE MENT

With re spect to its or i gin, the wastes han dled by
PSI gen er ally can be di vided into on-site gen er ated
waste, com bus ti ble low level waste, and waste from
med i cine, in dus try, and re search. They dif fer widely in 
their nu clide and ma te rial com po si tion and will be
there fore dis cussed sep a rately.

On-site gen er ated waste

At PSI there are sev eral main sources of waste.
The re ac tors to be de com mis sioned yield sev eral 

types of fuel, ir ra di ated and non-ir ra di ated, that have
to be re pro cessed or stored in col lab o ra tion with for -
eign part ners. In ad di tion, past and ac tive re search ac -
tiv i ties re sult in liq uid and solid ma te ri als con tain ing
a-emit ters and in the case of post ir ra di a tion ex am i na -
tions b/g-emit ters as well [3]. Highly ac ti vated ma te -
rial from the ac cel er a tor [4] fa cil ity, i. e. the beam
dump, also had to be con di tioned.

An over view of this on-site gen er ated ma te rial is
given in tab. 1.

Whereas the dis man tling of the re search re ac tor
SAPHIR has al ready been com pleted (fig. 2), the re -
search re ac tor DIORIT (fig. 3) is close to the end of its
dis man tling [5, 6]. The dis man tling of both re search
re ac tors [7, 8, 9, 10] has given rise to large quan ti ties of 
ac ti vated or con tam i nated ma te ri als. De pend ing on the 
re ac tor type, the ma te rial dif fers with re spect to the
com po si tion and ex tent of ac ti va tion or con tam i na -
tion. An over view is given in tab. 2.
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Ta ble 1. On-site gen er ated waste

Origin Type of waste Main nuclides Material composition

Fuels development Liquid, solid Actinides HNO3, metals, oxides

Post irradiation examinations (PIE) Liquid, solid (scrap) Actinides, activation and fission
products

HNO3, metals, oxides

Accelerator facilities Beam dump, targets,
shieldings Activation and spallation products Cu, Al, C, steel, concrete

SINQ Targets Activation and spallation products Pb, zircalloy

Life sciences, teaching activities Radiation sources, small
quantities

60Co, 137Cs, 90Sr, 226Ra, 241Am Steel, ceramics, glass

Processing waste Weakly active Different nuclides Organics, mixtures



Ra dio ac tive waste from med i cine,
industry, and re search

Re spon si bil i ties

The fed eral gov ern ment is by law re spon si ble for
the col lec tion, treat ment, in terim and fi nal stor age of ra -

dio ac tive waste from med i cine, in dus try, and re search.
The over all re spon si bil ity is del e gated to BAG
(Bundesamt für Gesundheit), the Swiss Fed eral Of fice
of Pub lic Health. The gov ern ment charged PSI with the
col lec tion, treat ment and in terim stor age of that waste in 
ac cor dance with the Swiss leg is la tion on ra dio log i cal
pro tec tion and the or di nance on ra dio ac tive waste. PSI
staff con sults with the pro duc ers on waste re lated ques -
tions. In col lab o ra tion with BAG, waste col lec tion is or -
gan ised, in clud ing the in spec tion of the waste be fore
ship ment and its prep a ra tion for ship ment ac cord ing to
the ADR/SDR rules. The waste pro duc ers have to de -
clare their waste in ad vance. The waste is con di tioned at 
PSI and, af ter the fi nal con di tion ing, waste pack ages are 
stored on-site in a ded i cated in terim stor age fa cil ity
(BZL, Bundeszwischenlager). BZL was con structed by
PSI with gov ern ment fund ing. It is an in terim stor age
fa cil ity for fi nally con di tioned waste for which the gov -
ern ment is re spon si ble. Doc u men ta tion of the waste
when fi nally con di tioned is done by PSI staff and PSI is
also re spon si ble for fee as sess ment.

Gen eral de scrip tion of the waste
man age ment

Each waste col lec tion is an in di vid ual task be -
cause there is lit tle con sis tency among wastes with re -
spect to the nu clide and ma te rial com po si tion. Waste
has to be sorted by the pro duc ers into types and
classes. Seven types of waste are dis tin guished based
on their radionuclide con tents as shown in tab. 3.

In ad di tion, the waste is sorted into classes ac -
cord ing to its ma te rial prop er ties as shown in tab. 4.

This waste as well as waste from PSI is con di -
tioned in the waste treat ment fa cil i ties of PSI. Yearly,
30 to 60 pro duc ers de liver be tween 6 and 16 m3 of
waste. The main nuclides are 3H (500 TBq/year),
241Am (400 GBq/year), 14C (60 GBq/year), and 137Cs
(30 GBq/year). The larg est quan ti ties are de liv ered by
in dus try and are well de fined with re spect to their ma -
te rial prop er ties. Smaller quan ti ties, but with com plex
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Ta ble 2. Ra dio ac tive waste from the de com mis sion ing of the re search re ac tors DIORIT and SAPHIR

Origin Material Total amount [t] Treatment

Reasearch reactor
DIORIT

Al, -alloys 5.4 Melting, imbedding in concrete

Steel 250 Imbedding in concrete

Concrete 120 Imbedding in concrete

Graphite 45 Interim storage, imbedding in concrete or incineration (not yet
decided)

Research reactor
SAPHIR

Al, contaminated 1.8 Etching

Al, activated 0.5 Melting, imbedding in concrete

Steel, contaminated 1.3 Etching

Steel, activated 1 Imbedding in concrete

Concrete 482.3 Imbedding in concrete

Be/BeO-reflector
elements 0.126 Welding in storage cans, MOSAIK cask

Fig ure 2. View into the empty re ac tor hall of SAPHIR
af ter the re moval of the re ac tor

Fig ure 3. View onto the re main ing lower part of the
shield ing of DIORIT re ac tor



ma te rial prop er ties, are passed from the uni ver si ties to
PSI. In to tal, the waste con tains over 15 dif fer ent
nuclides.

It must be stressed that tech ni cally in tact sources
from hos pi tals and in dus try are not in cluded in this to -
tal be cause they are re cy cled. Re cy cling al lows re duc -
tion in the fi nal con di tioned waste vol ume and there -
fore saves in terim and fi nal stor age ca pac ity. In
ad di tion, re cy cling ap pears as an in tel li gent man age -
ment of re sources and should be fur ther de vel oped for
other waste forms.

Con di tion ing pro ce dures

Based on the waste dec la ra tion of the pro duc ers
and the re sults of an in spec tion, the waste is sorted at
PSI into groups for fur ther treat ment.

In dus trial pro duc ers, reg u larly ship ping large
and uni form quan ti ties of waste, pre con di tion the
waste into a safe form. Nor mally, that waste is welded
in steel cyl in ders af ter com pac tion or so lid i fi ca tion.

In the same way, re search units at PSI pre con di -
tion their reg u lar waste streams us ing their knowl edge
of the waste prop er ties and haz ards.

Af ter be ing sorted or pre con di tioned, the waste
is treated in the waste man age ment fa cil i ties when
needed.

Ho mo ge neously mis ci ble waste is so lid i fied
with ce ment. Ir reg u lar solid waste and pel lets of com -
pacted waste are im bed ded in con crete. Burnable
waste with out a-emit ters is in cin er ated. In the case of
vol a tile nuclides such as 3H, 14C, and 226Ra (222Rn),
waste is put into in steel cyl in ders that are welded
gas-tight be fore be ing im bed ded in con crete.

In gen eral, 200 l drums are used as waste pack -
ages for fi nally con di tioned waste but con crete con -
tain ers with a ca pac ity of 20 t are also avail able. The
lat ter are mainly used to con di tion dis man tling waste
from re search re ac tors and for larger com po nents from 
the ac cel er a tor.

In gen eral, the sur face dose rate of a fi nal con di -
tioned waste pack age is lim ited to 2 mSv/h.

The re la tion by vol ume be tween the dif fer ent
sources of waste is as fol lows: 94.3% of the waste to be 
con di tioned co mes from PSI and only 5.7% from med -
i cine, in dus try, and re search. It is in ter est ing that the
ad min is tra tive ef fort is in the op po site ra tio.

Waste man age ment fa cil i ties

The con di tion ing fa cil ity, fin ished in 1970, is
ded i cated to sort ing (fig. 4), com pac tion with a 120 t
press, so lid i fi ca tion with spe cial ce ment and im bed -
ding in con crete. Spe cial ised fa cil i ties were con -
structed for the waste from the de com mis sion ing of re -
search re ac tors. Ac ti vated alu minum and its al loys,
af ter be ing cut into pieces, will be melted in cru ci bles
by an in duc tively cou pled fur nace. Af ter wards, the
alu minum reguli within the cru ci bles will be im bed ded 
in con crete in a con crete con tainer. Af ter dis man tling
the struc tural ma te rial of the re ac tors, i.e. the ther mal
and bi o log i cal shield ing, the ac ti vated ma te rial will be
im bed ded in con crete in the same man ner.

For ac cel er a tor waste, a walk-in hot cell
equipped with an elec tri cally driven ma nip u la tor is
avail able where the highly ac ti vated large com po nents 
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              Ta ble 3. Types of MIR waste

Type Description

A 226Ra

B 241Am

C Other a-emitters

D 3H

E 14C

F
b/g-emitters with life >60 d
including b/g-sources

G Neutron-sources

              Ta ble 4. Classes of MIR waste

Class Description

1 Gaseous

2 Liquid organic

3 Liquid aqueous

4 Solid organic

5 Metallic

6 Solid non-metallic (mineral)

7 Solid mixed

8 Sludge

9 Bulky goods

10
Biologic (infectious, rotting,
etc.)

11 Sealed sources

Fig ure 4. Waste sort ing in the walk in cell



(tar gets, beam dump) can be cut into pieces and im bed -
ded in con crete in con tain ers.

De cay storage

In the Swiss Ra di a tion Pro tec tion Act, as well as
in the Nu clear En ergy Act, the mini mi sa tion of ra dio -
ac tive waste is de manded. For that pur pose the Nu -
clear En ergy Or di nance de mands de cay stor age for 30
years if the ra dio ac tive ma te rial has an ac ti va tion
which will de cay in that time span be low the re cent
lim its of clear ance. The PSI ful fils this de mand by op -
er at ing two de cay stor age fa cil i ties, one for ac cel er a tor 
ma te rial and one for ma te rial stem ming from the dis -
man tling of the two re search re ac tors. In ad di tion, the
time span for de cay stor age has been ex panded to 75
years.

Mea sure ment for free re lease

Mea sure ment for free re lease is an im por tant
means to re duce the amount of ra dio ac tive waste. The
Fed eral Nu clear Safety In spec tor ate is sued a guide line 
R-13 to reg u late the mea sure ment for free re lease and
the con se quently fol low ing clear ance of the ma te rial.
Large amounts of ho mog e nous ma te ri als are mea sured 
[11, 12] by means of a de vice for mea sur ing ma te rial
be low the ex emp tion lim its for free re lease (RTM 644
LNC, RADOS, fig. 5). Solid ma te rial in big blocks is
checked by means of hand held in stru ments. Both
means are cal i brated in ad vance and the cal i bra tion has 
to be ac cepted by the au thor ity.

Qual ity as sur ance in waste man age ment

In ad di tion to the op er a tions and tasks in tro -
duced above, PSI is sub jected to the reg u la tory pro ce -

dures es tab lished and con trolled by the Swiss Nu clear
Safety In spec tor ate, ENSI (Eidgenössisches Nuklea-
res Sicherheitsinspektorat). Based on guide line B-05
by ENSI, the fi nal con di tioned waste has to be de -
scribed in a so called spec i fi ca tion for each pack age
type and sub type. In this spec i fi ca tion, the waste com -
po si tion, with re spect to nuclides, ma te ri als, and or i gin 
of the waste, has to be de scribed in de tail. In the same
man ner, a de scrip tion of the pro duc tion pro ce dure and
the con struc tion of the fi nal waste pack age is in cluded. 
The cor re spond ing data are man aged by the pro gram
and data base ISRAM (Informationssystem für
radioaktive Materialien) which is used co-op er a tively
by the nu clear power plants, PSI and NAGRA
(Nationale Genossenschaft für die Lagerung
radioaktiver Abfälle) to as sure the uni form han dling
of the waste re lated data. The prep a ra tion of the spec i -
fi ca tion is done in close col lab o ra tion be tween PSI and 
NAGRA. Af ter a de tailed anal y sis of the spec i fi ca tion, 
NAGRA is sues a cer tif i cate for fi nal stor age. This cer -
tif i cate, to gether with the spec i fi ca tion, is the ba sis on
which ENSI is sues per mis sion to ap ply the con di tion -
ing pro cess.

An im por tant con tri bu tion to as sur ing the qual -
ity of waste treat ment is the or gani sa tion of these tasks
at PSI. The waste treat ment, to gether with the two de -
com mis sion ing pro jects DIORIT and SAPHIR, is or -
gan ised as a sec tion. This sec tion is re spon si ble to the
lo gis tics de part ment of PSI. The Dis man tling and
Waste man age ment sec tion con sists of three groups:
the per mits/doc u men ta tion group, the ce ment chem is -
try group, and the fa cil i ties group, and the two dis man -
tling pro jects: SAPHIR and DIORIT.

This sec tion is charged with the plan ning and co -
or di na tion of the waste treat ment at PSI. It de fines the
ac cep tance cri te ria for ra dio ac tive waste and man ages
the in terim stor age fa cil ity (fig. 6), as well as the fa cil -
ity to stack rough waste be fore con di tion ing. Fi nally,
this sec tion or gan ises the col lab o ra tion with ZWILAG 
and the au thor i ties. In ad di tion, each large waste pro -
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Fig ure 5. Free re lease mea sure ment facility
Fig ure 6. View into the in terim ra dio ac tive waste stor age
facility



ducer at PSI has a per son re spon si ble for the waste re -
lated tasks of their di vi sion. This per son col lab o rates
closely with the Dis man tling and Waste Man age ment
Sec tion.

Qual ity man age ment in waste
man age ment

To ful fil the above de scribed tasks, the Dis man -
tling and Waste Man age ment Sec tion op er ates a qual -
ity man age ment sys tem ac cord ing to ISO/IEC 17020
and EN/ISO 9001. Since Jan u ary 2008, this Sec tion
has been ac cred ited as an in spec tion of fice for ra dio ac -
tive waste.

SUM MARY

Be cause of its ex pe ri ence in han dling ra dio ac -
tive ma te ri als, in clud ing waste gen er ated on-site, PSI
has been charged with man ag ing the treat ment and in -
terim stor age of the ra dio ac tive waste from med i cine,
in dus try, and re search in Swit zer land. Be cause of the
de com mis sion ing of old fa cil i ties pro voked by the
change in the re search pri or i ties at PSI, tem po rarily, an 
ad di tional amount of waste is re leased on-site to be
treated. PSI pos sesses the fa cil i ties and the or gani sa -
tional struc ture to ful fil the tasks it has been charged
with.
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Hans-Frider BER

UPRAVQAWE  RADIOAKTIVNIM  OTPADOM  U  INSTITUTU
PAUL  [ERER – NAJVE]EM  [VAJCARSKOM  ISTRA@IVA^KOM  CENTRU

U  radu su prikazani poslovi upravqawa radioaktivnim otpadom koji su u toku u Paul
[erer institutu. Institut doprinosi na dva na~ina re{avawu problema otpada: nau~noj osnovi
upravqawa i odlagawa otpada i prakti~nim postupcima i sme{taju radioaktivnog otpada. Pored
obaveza da se bavi otpadom nastalim na samoj lokaciji, Institut sa dr`avnim ovla{}ewima
upravqa medicinskim, industrijskim i istra`iva~kim otpadom svuda u [vajcarskoj. Otuda je
Sektor za uklawawe i upravqawe otpadom jedan deo Odseka za logistiku Instituta. Radi sigurnog
kondicionirawa i sme{taja radioaktivnog otpada, moraju se razviti provereni i prihvatqivi
postupci. U Institutu postoje razli~ita postrojewa za rad sa otpadom. Postrojewe za
kondicionirawe bavi se sortirawem otpada, sabijawem presom od 120 tona, o~vr{}avawem
posebnim cementom i zalivawem u beton. Posebna postrojewa izgra|ena su za otpad nastao
dekomisijom istra`iva~kih reaktora. Aktivirani aluminijum i wegove legure mequ se i ula`u u
beton betonskih kontejnera. Na isti na~in, po rashodovawu reaktorske strukture materijala se
zalivaju u beton. Radi kondicionirawa aktiviranog reaktorskog grafita razvijen je poseban
postupak. Grafit se drobi i upotrebqava da zameni pesak u cementnom testu pri zatapawu
radioaktivnog otpada u betonske kontejnere. Za akceleratorski otpad raspola`e se prostranom
vru}om }elijom opremqenom elektri~nim manipulatorom, u kojoj se visoko aktivirani krupni
delovi (mete i materijali koji su bili izlo`eni snopovima ~estica) seku na komade i ugra|uju u
betonske kontejnere.

Radi osigurawa ispuwenosti zahteva regulatornih organa, Sektor za uklawawe i
upravqawe otpadom primewuje akreditovani sistem kvaliteta u upravqawu sigurnim
prikupqawem, kondicionirawem i sme{tajem radioaktivnog otpada.

Kqu~ne re~i: upravqawe otpadom, rashodovawe, kondicionirawe, istra`iva~ki reaktor,
jjjjjjjjjjjjjjjjjjjjjjjmedicina, industrija i istra`ivawe


