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The Nuclear Research Institute Rez has been a leading institution in all areas of nuclear R&D
in the Czech Republic since it was established in 1955. After more than 50 years of activities in
the field, there are some environmental liabilities that need to be remedied. The remediation
of old environmental liabilities concerning the Nuclear Research Institute is the only ongoing
decommissioning project in the Czech Republic. The nature of these environmental liabilities
is very specific and requires special remediation procedures. The process begun in 2003 and is

expected to be finished by 2014.
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INTRODUCTION

The Czech Republic is a country with a devel-
oped utilization of nuclear energy. Two nuclear power
plants and three nuclear research reactors are currently
in operation on its soil. Since the beginning, the nu-
clear program in the Czech Republic has been sup-
ported by the domestic scientific community.

The Nuclear Research Institute Rez (NRI) is a
leading institution in all areas of nuclear R&D in the
Czech Republic. The NRI has had a dominant position
in the nuclear program since it was established in 1955
as a state-owned research organization and has since
steadily advanced to its current status. In December
1992, the NRI was transformed into a joint-stock com-
pany.

The Institute’s activities encompass nuclear
physics, chemistry, nuclear power, experiments at the
research reactor and many other related undertakings.
In the past few decades, the main issues concerning the
NRI were concentrated on research and development
of services provided to the nuclear power plants oper-
ating VVER reactors, the development of chemical
technologies for the fuel cycle and irradiation services
and development in the industrial sector, agriculture,
food processing and medicine.

Atpresent, the remediation of old environmental
liabilities at the NRI is the only ongoing decommis-
sioning project in the Czech Republic.

* Corresponding author; e-mail: pod@ujv.cz

Table 1 lists facilities with nuclear reactors in the
Czech Republic.

The main operator of nuclear reactors in the
Czech Republic is CEZ, a. s., which operates nuclear
power plants (NPP) at the Dukovany and Temelin
sites. Both Dukovany and Temelin NPP were con-
structed according to Russian projects, i. e. as VVER
type plants. The Dukovany NPP operates 4 VVER 440
units providing 1760 MW of electrical power. The first
unit was commissioned in 1985. Temelin NPP is
equipped by 2 VVER 1000 units providing 2000 MW

Table 1. Nuclear reactors in the Czech Republic

Nuclear | Typeof | Yearof | Yearof Status
installation | reactor | start-up |shut-down
NPP 4 x VVER| ;
Dukovany | 440/213 1985-1987|2025-2027| In operation
NPP 2 x VVER ;
Temelin | 1000/320 2001-2002|2041-2042| In operation
Research Tank (Vl\?lsl?S)
reactor reactor 1989 2018 | In operation
Bxperimental 270 | (TR0
t - .
r:ﬁ: igrmfll(l-é(i) power ( 19 82) 2008 | In operation
reactor (LR-0)
Training Zoisce)r 1990 2020 In operation
reactor VR-1| P or later P
ractor
Zero .
Research Decommissi-
reactor SR-0| POWer 1970 1989 oned (1997)
reactor
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of electrical power. Both units started commercial op-
eration by the end of 2004 (commissioning begun in
2000).

The two research reactors, LVR-15 and LR-0,
are operated by the NRI, while the educational reactor
VR-1 is operated by the Faculty of Nuclear Sciences
and Physical Engineering of the Czech Technical Uni-
versity of Prague.

In 1971, the SR-0 light water assembly with zero
output was commissioned at SKODA Plzen. The orig-
inal allowed output of the system of 100 W, was in-
creased in 1975 to 2 kW,. In 1989 the [R-0 reactor was
shut-down.

In addition to research nuclear reactors, NRI also
operates many research facilities such as hot cells, re-
search laboratories, technology for radioactive waste
(RAW) management, radionuclide irradiators, an
electron accelerator, efc.

LEGISLATION REQUIREMENTS ON
DECOMMISSIONING

The SUJB (State Office for Nuclear Safety) is an
independent central state administration body in the
field of nuclear safety and radiation protection. It has
its own budget item approved by the Parliament of the
Czech Republic within the state budget. The SUJB is
headed by a Chairperson appointed by the Czech gov-
ernment [1].

ActNo. 18/1997 Coll. later amended as (Atomic
Act) [2] defines the conditions for the peaceful utiliza-
tion of nuclear energy and ionizing radiation, includ-
ing activities requiring a license. The Atomic Act was
followed by decrees, e. g.,

— decree No. 307/2002 Coll., on radiation pro-
tection, as amended by Decree No. 499/2005 Coll. [3],

—decree No. 185/2003 Coll., on decommission-
ing of nuclear installations and workplaces in catego-
ries IIT and IV [4].

Pursuant to the Atomic Act, a Radioactive Waste
Repository Agency (SURAO) was established by the
Ministry of Industry and Trade. It functions as a state
organization responsible for ensuring the safe disposal
of RAW and the monitoring and control of repositories
during their operation and after their closure. The
Agency is funded through levies imposed on RAW
producers. Itis charged with organizing the disposal of
all RAW and SF, if it has been declared as RAW.

According to the Atomic Act, the decommis-
sioning of a nuclear installation is one of the activities
associated with the utilization of nuclear power. De-
commissioning is defined as a set of activities aimed at
clearing nuclear installations or workplaces where ra-
diation activities were performed, so as to make their
utilization for other purposes possible.

The preparation for decommissioning shall (in
accordance with the Act) be included in each stage of

the lifecycle of a nuclear installation. The sitting li-
cense documentation for a nuclear installation shall
include within the Initial safety report a draft concept
for the safe termination of the operation. The licensing
documentation for the construction of a nuclear instal-
lation shall include, as a part of the Preliminary safety
report, the concept of the safe termination of operation
and decommissioning of the nuclear installation or
workplace being licensed, including the disposal of
RAW. The licensing documentation for each commis-
sioning stage of a nuclear installation for the initial
fuel load shall also include the proposed method of the
decommissioning of the installation approved by the
SUJB, as well as the estimated costs of decommission-
ing verified by SURAO.

The operating license documentation for a nu-
clear installation shall include the proposed method of
decommissioning (preliminary decommissioning
plan) approved by the SUJB, as well as the estimated
costs of decommissioning verified by SURAO. The
scope and method used to realize the proposed strat-
egy of decommissioning are to be approved by the
SUJB.

Under the provisions of the Atomic Act, Section
18, based on the estimated total cost of decommission-
ing, as verified by SURAOQ, the holder of the operating
license is liable for the decommissioning of the nu-
clear installation and the creation of steady monetary
funds deposited in a dedicated and “blocked” account
(as defined below) available for the preparation and
execution of decommissioning in a timely manner and
in a sufficient amount, in compliance with the pro-
posal of decommissioning of the said nuclear installa-
tion approved by the SUJB. Decree No. 360/2002
Coll. stipulates the method of providing the proscribed
provisions for the decommissioning of a nuclear in-
stallation or workplace in categories 11l or IV. The
funds kept in such a “blocked” account shall only be
used for the preparation and execution of the decom-
missioning and drawing on such money is subject to
approval by the SURAO. This Act also defines the ex-
ceptions to this obligation pertaining to state organiza-
tions, public universities or local government bodies,
where decommissioning costs shall be born by the
state.

DECOMMISSIONING OF THE SR-0
RESEARCH REACTOR

In 1970, the SR-0 light water research reactor
with zero output was commissioned at SKODA Plzen.
The aluminium reactor vessel with a volume of 3.5 m?
was located inside the biological shielding consisting
of concrete and a water tank. EK-10 fuel of Russian or-
igin with an enrichment of 10% was used.

In 1975, the original allowed output of the sys-
tem of 100 W, was increased to 2 kW,. This was a re-
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sult of a change in the fuel used to that of IRT-2M, also
of Russian origin, with an enrichment of 80%. In 1980,
the first reconstruction of the reactor was performed
(reconstruction of the reactor internals, control system
and ventilation system).

In 1988, the SR-0 reactor was shut-down. The
reconstruction of the reactor started in 1989 and was
finished in 1991. The new reactor vessel made from
stainless steel with a volume of 17 m® with new inter-
nals was installed into the new biological shielding
made from heavy concrete. New ventilation and con-
trol systems with new experimental equipment were
installed. Non-active testing of the reactor was carried
out and the reactor was prepared for the first active ex-
periment with the IRT-2M fuel with an enrichment of
36%. But the reactor was never commissioned and, in
1993, the operational license was cancelled on the re-
quest of SKODA. That is when the preparation for the
decommissioning of the reactor started.

The SR-0 reactor was completely decommis-
sioned by 1997. The RAW (mainly internals of the orig-
inal reactor) was processed as RAW. After clearance,
other materials (mainly internals of the new reactor,
technological circuit, efc.) were sold as metal scrap.

The site of the reactor was then used for unre-
stricted purposes. Only the new reactor vessel without
internals remained on the site and was then used as a
tank for the chemical treatment of stainless steel com-
ponents. The new ventilation system and new special
sewage system were subsequently used by the new
owner of the reactor building as well.

The biological shielding of the old reactor was
dismantled and released into the environment. The
original aluminum reactor vessel was removed and af-
ter small modifications installed in another building of
the SKODA company and used for storage of liquid
RAW.

The usable experimental equipment was sold to
the Faculty of Nuclear Sciences and Physical Engi-
neering of the Czech Technical University of Prague
and used at the site of the VR-1 training reactor.

EK-10 fuel was subsequently used in the re-
search reactor of the Technical University in Buda-
pest, Hungary, and the IRT-2M fuel (with an enrich-
ment of 80% and 36%) was used in the LVR-15
research reactor of the Nuclear Research Institute Rez
plc, Czech Republic.

REMEDIATION OF OLD ENVIRONMENTAL
LIABILITIES AT THE NRI

After more than 50 years of activities in the nu-
clear field, there are some environmental liabilities
concerning the NRI that have to be remedied. They in-
clude the decommissioning of obsolete facilities and
the management of RAW accumulated during the op-
eration and dismantling of nuclear facilities.

The goal is to remedy environmental liabilities
and eliminate the potential negative impact on the en-
vironment. Based on this postulate, optimal remedial
actions have been selected and recommended.

The safety analysis report [ 5] was based on the iden-
tification and characterization of potential sources of risk,
potentially exposed receptors and exposure pathways, po-
tential chemical compounds, radionuclides, and media of
concern. Additional information on natural conditions at
the site was obtained through hydrogeologic studies on
pollution and information on sources of ionizing radiation
and radioactive contamination during dosimetric mea-
surements and radiochemical analyses —also included into
this risk analysis.

The results of the said analysis enabled us to de-
termine the priorities of the remediation project [6]
and to estimate its expenses, as well. The remediation
project was revised on the basis of information ob-
tained during remediation [7].

The remediation of environmental liabilities be-
gan in 2003 and will be finished in 2014. Some liabili-
ties have already been successfully remedied.

The remediation of old environmental liabilities
at the NRI is the only ongoing decommissioning pro-
ject in the Czech Republic. The most significant items
of environmental liabilities are described below, along
with information about the history, current state, prog-
ress, and future activities in the field of remediation of
environmental liabilities at the NRI.

Decay tanks

The decay tanks have been in use since 1961.
The tanks were designed for the storage and decay of
concentrated short-lived RAW, but RAW containing
long-lived radionuclides was also shipped there. The
building is submerged in the terrain on three sides (fig.
1). It contains two cylindrical tanks (length 9.5 m, di-
ameter 3 m, weight approx. 10 metric tons), each with
a capacity of 63 m? (fig. 2). The decay tanks are made
from structural steel jacketed by stainless steel inside

Figure 1. Uncovered bunkers
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Figure 2. Decay tanks (section)

the vessel. They are placed into two separate concrete

bunkers partially situated below ground. A building

with tank inlet pipes and ventilation equipment is lo-
cated above the bunkers.
The tanks contain not only liquid RAW, but tank

B also contains solid RAW. The main identified radio-

isotopes are °®Co and '*’Cs. However, the presence of

239Pu is also assumed. Solid RAW consists of tins with
irradiated metallic samples and residues of spent fuel.

The maximum dose rate is above the pile of solid RAW

(hundreds of mGy/h). The leakage from the tanks and

direct irradiation from in-situ material were identified

as the main risks to the environment and/or to employ-
ees.
The remediation procedure will be as follows:

— ahall above the decay tanks has been built,

— the old building located above it was demolished;
an industrial concrete-sawing saw was used for
the segmentation of the concrete inlets, the disin-
tegration of the concrete structure was done by hy-
draulic devices,

— aspecial remote controlled manipulator will be in-
stalled into the tank inlet; the control room of the
manipulator will be placed in front of the bunker,

— liquid RAW from the tanks will be removed; the
liquid from tank A (with lower activity) was trans-
ported via a special tank to the facility for liquid
RAW processing; the liquids from tank B (with
higher activity) are now being cemented on-site
with a specially developed cementation unit,

— solid RAW will be moved to a shielding container
and transported to a hot cell facility for process-
ing; after that, RAW packed in special cases will
be loaded into disposal units and sent for disposal,
and

— the tanks will be decontaminated by a high-pres-
sure water jet and abrasive blasting; they will be
dismantled and either released into the environ-

ment or disposed of; the building will be decon-
taminated for unrestricted use.

The construction of the facility was finished in
2007; the removal and processing of RAW started in
2009. Decontamination and segmentation of the tanks
will be carried out in 2012 and then the building will be
decontaminated.

Liquid RAW storage tanks

Three steel tanks of the same design as the decay
tanks described above are located in concrete under-
ground bunkers (fig. 3). The tanks served for receiving
liquid RAW from the research reactor. The tanks are
aged beyond their design life. All three tanks are con-
taminated by fission and corrosion products, mainly
137Cs, ®0Co, and °Sr. Leakage or spillage of these
tanks was identified as the main environmental risk.

According to the original project, the remediation
procedure was to comprise decontamination and the
dismantling of the tanks and processing of RAW. New
tanks for the storage of liquid RAW were to be installed
after that. Now a new concept is being realized.

The tanks are being decontaminated and after
the investigation of the tanks' integrity, polyethylene
linings are being installed inside them.

At the moment, the decontamination of the tanks
is being carried out. The surface of one tank was con-
taminated by a bituminous product from the decon-
tamination of a bitumination unit performed in the
past. The application of dry ice blasting was proposed,
but it was concluded this could lead to the spreading of
contamination. Then a method utilizing organic sol-
vents was proposed, but the amount of solvents
needed for this was deemed to be too great; the protec-
tion of workers could also prove to be rather demand-
ing. In the end, a very simple method was used — appli-
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Figure 3. Storage tank

cation of mineral oils to soften the bituminous layer.
The layer was then removed manually, and a very
small amount of organic solvent was applied to com-
plete the decontamination. The decontamination of the
tanks will be completed by 2011.

Old RAW treatment technology

The old RAW technology was comprised of the
evaporation unit, storage tanks and a set of mixed-bed
filters. The technology was in operation since 1962
and was shut down in 1992. The total amount of the
equipment to be decommissioned corresponds ap-
proximately to 50 metric tons of steel. The equipment
was contaminated with fission and corrosion products,
mainly with '37Cs, %°Co, and *°Sr.

The remediation procedure comprised the dis-
mantling of the equipment after decontamination and
processing of RAW. The decommissioning of the tech-
nology started in 2004 and will be finished in 2011.

An old evaporation system was used for the
treatment of liquid waste. After its leakage, it was
shut-down for dismantling. The system consisted of an
evaporator, three drop separators, and a condenser.

Because the evaporator was also contaminated
by alpha radionuclides (mainly 2*' Am), overalls with
masks supplied with fresh air were used for personal
protection during the dismantling.

It was decided to treat and condition the RAW
for disposal because of difficult decontamination
(strong corrosion of steel parts). It would have been
possible to decontaminate the brass tubes, but, with re-
spect to its inner dimensions, it would not have been
possible to prove that the release levels were met.

The evaporator consisted of a heater and a sepa-
rator (fig. 4). The shell was made from carbon steel
and the heat exchanger tubes from brass. The heater
was heated by steam; the evaporated vapor was sepa-
rated in the separator. The dimensions of the evapora-
tor were as follows: diameter 1.4 m, height 4.2 m (sep-
arator) and diameter 1 m, height 3.8 m (heater).

Figure 4. Old evaporator (upper part)

The dismantling started with the removal of the
thermal isolation. The separator was partially disman-
tled by oxyacetylene cutting before removal because it
was not possible to remove it in one piece (it was cap-
tured in concrete).

The heater was removed in one piece. The outer
shell was dismantled by the nibbler to minimize air-
borne contamination. The tubes were dismantled by
hydraulic shears (fig. 5).

A condenser was used for cooling vapors from
the evaporation. The dimensions of the condenser
were as follows: diameter 0.7 m, length 4 m. The con-
denser was made from carbon steel (shell) and brass
(heat exchange tubes). Abrasive cutting wheel and hy-
draulic shears were used for segmentation.

Three drop separators were used for separating
water drops from vapors from the evaporation. The di-
mensions of the drop separator were as follows: diam-
eter 1.4 m, height 2.86 m. The separators were made
from carbon steel (shell and internals) and contained
special filtration material. An abrasive cutting wheel
and oxyacetylene cutting were used for segmentation.

Figure 5. Heat exchanger tubes before segmentation
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Contaminated equipment at
building No. 250

Building No. 250 houses radiochemical laborato-
ries, hot and semi-hot cell complexes, rabbit systems,
and auxiliary equipment [8]. Two laboratories called
“Alpha halls” contain eight sets of wall boxes (fig. 6) and
anumber of glove boxes. The boxes were used for han-
dling alpha radionuclides (U, Np, Pu, Am) and are now
significantly contaminated. The total volume of boxes is
approx. 80 m*. Contamination with alpha radionuclides
was identified as the main risk to employees.

The remediation procedure will comprise the
dismantling of the equipment after the preliminary de-
contamination and processing of RAW. The disman-
tlement of the equipment will start in 2011 and will be
finished in 2014.

Figure 6. Alpha boxes

Special sewage system

A special sewage system was used for the trans-
fer of liquid RAW from various facilities (research re-
actors, radiochemical laboratories) to a RAW process-
ing facility. The system consisted of a stainless steel
pipe network with a total length of 410 m situated in an
underground concrete corridor [9]. The integrity of the
system has never been tested. The system was contam-
inated by fission and corrosion products, mainly by
137Cs, 90Co, and ?°Sr. The leakage of waste water from
the piping was identified as the main risk to the envi-
ronment.

The remediation procedure started with the re-
moval of soil and opening of the corridor. Pipes and
other steel components (valves, fittings, efc.) were re-
moved (fig. 7) and sent for treatment. The total amount
of contaminated metal parts was approx. 20 metric
tons. Limited parts of the surface of the concrete corri-
dor were contaminated because of small leakages. The
contaminated surfaces were removed and RAW pro-
cessed.

Figure 7. Special sewage system after
decommissioning

A standard mechanical saw was used for the seg-
mentation of the pipes before decontamination. Pipe
parts such as the joints, flanges, and corroded sections
were sent for conditioning. High-pressure water jetting
was used for the preliminary decontamination of the
pipes. Then an ultrasonic bath with decontamination
solutions was used. The decontamination was success-
ful in most cases; some pipes were mechanically decon-
taminated by a special one-purpose instrument (an
abrasive rotating device). The external contamination
of the pipes was measured by a standard contamination
instrument and the contamination inside the pipes by a
special tube detector. Approximately 90% of the pipes
were released into the environment.

Decommissioning started in 2004 and was fin-
ished in 2005 [10]. After renovation, the old concrete
corridor was used for the installation of the new sewage
system equipped with a leakage monitoring system.

RAW stored in the Reloading site

The Reloading site was initially constructed as a
temporary site to handle conditioned RAW, but was later
also used for storage of various RAW before treatment.
The RAW was storedin 8 concrete boxes of 5.5mx
x 8 m x 4 m (1400 m? total capacity) each. The bases of
the boxes are 4 m below ground level and are drained to
four closed sumps. The building has a steel roof.

The total volume of stored RAW is approxi-
mately 600 m>. An incomplete inventory is available;
this gives only a very general description of the RAW
contained in the boxes (fig. 8). The RAW is contami-
nated mainly with 137Cs, ®Co, and *°Sr. Leakage of
liquid waste in boxes, wash-off of contamination from
RAW by rainwater and direct irradiation from in-situ
material were identified as the main risks to the envi-
ronment and/or to employees.
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Figure 8. Stored RAW

With a crane and auxiliary technology, the hall
above Reloading site 4 was constructed in 2004 (fig.
9). The RAW will be sorted and transported for pro-
cessing (segmentation, decontamination, and condi-
tioning). It will then be disposed of or released into the
environment. The treatment of RAW will be carried
out from 2011 up to 2014. The building will then be
decontaminated and, after reconstruction, used as a
new RAW storage.

Figure 9. Reloading site with a new hall

RAW stored at the Red Rock
storage site

The storage of RAW at the Red Rock storage site
started in 1988. The stored waste includes RAW from
the reconstruction of the VVR-S research reactor (pri-
mary circuit, ventilation system, etc.) stored in ISO
shipping containers and old technology equipment for
the processing of RAW (heat exchangers, tanks, fil-
ters).

Aview of the storage site is shown in fig. 10. The
total storage area is 300 m2. The total amount of RAW
is approx. 90 metric tons. The RAW is contaminated
mainly with 37Cs, °Co, and *°Sr. Rain wash-off from

Figure 10. Red Rock storage

contaminated equipment to soil and groundwater and
irradiation from in-situ material were identified as the
main risks to the environment and/or to employees.

The RAW will be transported for processing
(segmentation, decontamination, and conditioning). It
will be disposed of or released into the environment.
The processing of RAW will be performed from 2011
to 2014.

THE TECHNOLOGY FOR
REMEDIATION

The NRI is equipped with the following technol-

ogies for RAW management:

— decontamination centre,

— facilities for RAW storage,

— evaporation unit, cementation, and bitumination
units, and

— laboratories for decontamination and RAW char-
acterization.

RAW management at the NRI is in accordance
with the RAW management strategy of the Czech Re-
public [11].

The preparation of an inventory of contaminated
technology was the first step towards selecting the
technology for decommissioning. The result was
approx. 1500 m*> of RAW, corresponding to approx.
600 tons.

Radiation protection is the most important factor
in the selection of the decommissioning technology.
The level of contamination of RAW is up to tens of
MBg/cm?, the dose rate up to hundreds of mGy/h.
There are also other important parameters — type of
material, its thickness, accessibility of technology, etc.

Further on, an evaluation of the possible uses of
various technologies for the segmentation and decon-
tamination with an aim to facilitate management of
generated RAW and its release into the environment
was performed along with an economic evaluation.
Various methods were designed and tested.

Segmentation and decontamination

The list of methods used for segmentation and
decontamination is provided in tab. 2.
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Table 2. List of methods used for segmentation

Segmentation Decontamination

Vacuuming (vacuum cleaner
with HEPA filter)

High-pressure water jet

Power hydraulic shears

Mechanical saw

Nibbler Chemical decontamination

Abrasive cutting wheel Foam decontamination

Oxyacetylene cutting Ultrasonic decontamination

Plasma arc cutting Dry ice blasting

In-situ mechanical milling
(segmentation of tanks,
remote controlled)

Grit blasting (in-situ, in box) —
considered

High-pressure water jet
cutting (considered)

The selected technology used for segmentation
and decontamination is described below.

Ultrasonic decontamination

The decontamination ultrasonic bath with a vol-
ume of 1.3 m? is used for decontaminating segmented
parts. The basic technological parameters are pro-
vided in tab. 3.

Table 3. The basic parameters of the ultrasonic bath
1400 mm x 1150 mm x 1000 mm

Active volume 1.3 m’

Inner dimensions

Ultrasonic power 17 kW
1300 mm x 800 mm x 700 mm

Basket dimensions

Dry ice blasting

Dry ice blasting was developed as a safe, clean
alternative to bead, grit, and sandblasting. Dry ice
blasting has grown to become a vital part of the clean-
ing process in a remarkable variety of industries
throughout the world. The cleaning process utilizes
dry ice (solid CO,) which is formed into 3 mm rice-
like pellets or blocks of dry ice which are ground into
tiny particles the size of sugar crystals. These particles
are then accelerated to supersonic speeds via a blasting
unit and applied using a hand-held or robotized blast-
ing gun to the surface to be cleaned. Upon impact, the
dry ice immediately turns from its solid state into car-
bon dioxide vapor, expanding its volume up to 540
times. The energy produced by the conversion of solid
to vapor is considerable and is responsible for much of
the cleaning process. The vapor disappears back into
the atmosphere, leaving only the removed contami-
nant itself for disposal. The contaminant aerosols, if
there are any, are filtered by standard air cleaning
methods. Unlike conventional blast cleaning methods,

grit, sand, plastic media, efc., dry ice blast cleaning is
non-abrasive to the impacted surface. Due to generat-
ing gaseous CO,, itis necessary to use an efficient ven-
tilation system.

For this purpose, two devices are used — Cold Jet
Alpheus T-2 and Cold Jet Alpheus SDI-5. Their main
advantage is a very small production of secondary
waste. The parameters are provided in tab. 4.

Table 4. Parameters of dry ice blasting devices
Cold jet Cold jet alpheus

alpheus T-2 SDI-5
Dry ice feed capacity [kg] 5.4 54.4
Supply air pressure range 24-12.1 28172
[bar] : : : :
Weight [kg] 47 195
Size (L x W x H) [cm] 56 x36x51 194 x62.2x114.3
Variable dry ice feed rate 0.2-0.7 0527
[kg min ] - o

Technology for RAW treatment

The evaporation unit is used for the treatment of
aqueous liquid RAW. The concentrate is cemented
into 200 | drums by means of a batch-type cementation
unit. The processing of pressable solid RAW involves
in-drum, low pressure compaction (into 115 1 drums)
and the embedding of the 115 | drum within a 216 1
drum with concrete.

Disposal of RAW

Approximately 1000 m? of solid RAW are ex-
pected to result from the remediation process. The
standard system of solid RAW processing consists of
segmentation and conditioning by cementation into
200 1 drums. The drums are then sent for disposal into
the repository. A new concept has been prepared for
the disposal of big segments of contaminated techno-
logical equipment directly into the disposal cells of the
repository. From the radiation protection point of
view, this should prove advantageous because it
should require less segmentation and, at the same time,
be less time-consuming and require less resources.

RADIATION PROTECTION

Our remedial activities are being carried out with
a high level of radiation protection and up to now no
extraordinary event or accident has occurred. The
dose obtained by staff is in order of a unit of mSv per
year, while the limit is 50 mSv per year or 100 mSv per
5 years.
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FINANCING

The Ministry of Finance of the Czech Republic
finances the remediation of environmental liabilities.
In total, the expense for the remediation of the old en-
vironmental liabilities at the NRI will amount to 27
million EUR, approximately.

CONCLUSIONS

The nature of environmental liabilities at the
NRI is very specific and requires special remediation
procedures. These remedial activities are being carried
out with a high level of radiation protection and up to
now have notresulted in any extraordinary event or ac-
cident.

The remediation of environmental liabilities
started in 2003 and will be finished by 2014. Seven of
the 14 liability items have already been successfully
remedied.

The experience gained during the remediation
process will be used for future activities, connected
mainly with the decommissioning not only of facilities
operated by the NRI (research reactors, radiochemical
laboratories, hot cell complexes, etc.), but also of facil-
ities operated by other companies (workplaces with
ionizing radiation sources, nuclear facilities, nuclear
power plants).
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Jozed ITOTTAXA

JEKOMUCHUJA HYKIIEAPHUX IMOCTPOJEBA Y MHCTUTYTY
3A HYKIIEAPHA HUCTPAXHUBAIbA PEX

Ogp cBor ocHuBama 1955. rogune, MHcTuTyT 3a HykneapHa ucrpaxkuBawa PEXK Bopeha je
yCTaHOBA y CBUM o0iacTUMa HYKJIEapHUX UCTPakKMBama U pa3Boja y Yemkoj. [Tocne Buie ox meaecer
TOfIMHA JIETTaTHOCTH Y OBOj 00JacTh, HacTama cy Heka omrehema KUBOTHE CpefinHEe Koje je TOTpeOHO
canmpatn. CrnpoBobeme crapmx obaBe3a Mucruryra PEZK npema kuBOTHO] cpemmam y Yemikoj
npejicTaBiba jeluHN IeKOMUCHOHU NPOjeKT KOju je caja y Toky. [Ipupopa oBor fenoBamwma y >KMBOTHO]
OKOJIMHY BPJIO je crienuryHa M 3aXTeBa moceOHe mocTynke cnpoBobema. [Iponecje 3anouet 2003. ropune,

a ouekyje ce ma o6yne okonyan 2014.
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