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In 2001, the Bulgarian Government decided to refurbish and convert the research reactor in
Sofia into a low-power reactor. Due to this, a partial dismantling of IRT-Sofia’s old systems
and equipment was carried out with the intention of reusing the concrete bioshield in the con-
struction of the new low-power research reactor. For a more efficient use of available re-
sources, an engineering project known as “The plan for the partial dismantling of IRT-Sofia
equipment as a part of its refurbishment into a low-power research reactor” was drawn up

and has since been successfully implemented.
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INTRODUCTION

The first criticality of the IRT-Sofia research re-
actor was reached in September 1961. The reactor had
been started up 4189 times and ran 24623 hours alto-
gether, at different power levels (by 2 MW) agreed
upon with the users at regular weekly meetings. The
reactor was shut down in 1999 for refurbishment and
conversion.

The reactor is of the pool type, cooled and mod-
erated with light water. The core contains up to 48 fuel
and graphite assemblies. There are 14, 15, or 16 fuel
rods per assembly. The fuel rods are of the EK-10
(10% enrichment) and C-36 (36% enrichment) type.
The reflector includes 13 graphite blocks. The safety
and control system includes 7 in core rods — 2 safety
rods, 4 regulating rods (made from boron carbide in
aluminum cladding), and 1 automatic regulating rod
(stainless steel in aluminum cladding). The cooling
system includes 3 pumps, a special ejector pipe, maxi-
mum flow rate of 540 m?, 2 heat exchangers, 4 ion
exchangers, and 2 mechanical filters. The maximum
capacity of the storage pool is 108 fuel assemblies. It
has connections to the reactor pool and hot cell labora-
tories. The experimental channels are 11 horizontal
and 12 vertical, maximum neutron flux at 2 MW ther-

mal power is 2-10'3 cm™2s71.

* Corresponding author; e-mail: apos@inrne.bas.bg

In 2001, the Bulgarian Government decided to
refurbish and convert the research reactor IRT-Sofia
into a low-power reactor. In order to realize this pro-
ject, it was necessary to develop and carry out a Plan
for the Partial Dismantling (PPD) [1] of research reac-
tor IRT-Sofia, in keeping with national legislation [2,
3] and the IAEA Safety Guide [4].

The PPD was compiled with the aim of describ-
ing in detail the succession of procedures related to the
dismantling of the IRT-Sofia equipment and was not
meant to be used for the purpose of its reconstruction
into a low-power reactor and the ensuing operations
for the reduction of radioactive waste (RAW) volume,
decontamination, sorting, packaging, temporary stor-
age or transportation and delivery to the “Radioactive
waste” state company. The main purpose of the PPD
was to ensure the safety of the personnel and popula-
tion on the whole and the protection of the environ-
ment.

THE PURPOSE OF PARTIAL
DISMANTLING

Partial dismantling (PD) activities are a part of a
wider process of the reconstruction of the research re-
actor IRT-Sofia. Each and every one of these activities
is meant to safeguard the health and safety standards of
the personnel, as well as the protection of the environ-
ment. The final stage of the refurbishment, after the
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partial dismantling, is to be the initial stage of mount-
ing new reactor systems and equipment. The criteria to
be taken into account should be those that ensure ut-
most technological advantages for the mounting of
new systems and equipment and guarantee that sur-
face contamination levels and effective dose rates
(EFD) are below values permitted by Bulgarian nor-
mative requirements.

The IRT-Sofia equipment has been dismantled in
the following sequence:

— removal of the primary cooling loop systems,

— removal of internal reactor systems,

— removal of the bottom rack from the spent fuel
storage, and

— removal of the thermal column.

The old bioshield and aluminum cover of the re-
actor pool have been preserved with the purpose of uti-
lizing them for the new low-power reactor. The new
stainless steel reactor vessel was to be mounted onto
the old aluminum vessel with an appropriate material
in between. The reactor building was also preserved
for future use.

What the PDP offers is the advantage of the sec-
ondary use of reactor facilities and the utilization of
experience previously gained by the personnel during
the operation of IRT-Sofia.

PRECONDITIONS FOR THE
IMPLEMENTATION OF PARTIAL
DISMANTLING ACTIVITIES

The first precondition was the transportation of
the spent nuclear fuel to Russia under the international
RRRFR project, financed and supported by the
US-DOE. This was successfully carried out in the
summer of 2008.

An organizational structure for the management
of the PD procedure was set up, with clearly defined
activities and responsibilities (fig. 1).

A characterization of the IRT-Sofia equipment
for dismantling has been carried out by measuring
methods, samples and smears (fig. 2), and through cal-
culation methods.

The most significant radionuclides that have
been determined in the metal samples taken are ®Ni,
I32Ey, 137Cs, 33Fe, and ®Co. In addition, graphite
blocks were taken out from the thermal column within.

The blocks were there throughout the operation
of IRT-2000. A sample was taken from the graphite
blocks for analysis with a high resolution X-ray spec-
trometer and a high resolution gamma spectrometer.
The results from the analyses show the presence of
152Ey, 9°Co, '4C, and a small quantity of H.

Preparatory activities prior to the dismantling
were carried out. A sanitary check-point consisting of
restrictive barriers and a portal monitor of the
RADOS-RTM-860TS type was installed. For protec-
tion from radioactive discharges during the disman-
tling, a tent with temporary ventilation based on HEPA
filters was set up (fig. 3).

Checks were also made of the condition of the
12.5 tons bridge crane and the operability of the per-

Figure 2. Smear and sample-taking
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Figure 3. Temporary tent and ventilation

manent ventilation system, special sewage, power
supply, radiation control systems, efc.

A site for secondary processing and decontami-
nation of the dismantled equipment was set up. Special
containers for the RAW (made of concrete and steel)
were provided. The reactor’s main hall was cleared of
redundant equipment, shielding blocks, experimental
devices efc., which could obstruct the PD procedure.
After the preliminary pre-dismantling decontamina-
tion of the internal reactor equipment, a necessary
quantity of water was drained from the reactor’s tank.
The equipment intended for dismantling was discon-
nected from the power supply. The draining of the pri-
mary circuit pipes, heat exchangers, and pumps was
performed. Prior to the commencement of the disman-
tling, radiation conditions were checked.

IMPLEMENTATION

During the implementation of the PD, following
work zones were defined:

— zone I — dismantling of reactor pool equipment
(figs. 4 and 5),

— zone 2 — dismantling of primary cooling loop
equipment (figs. 6 and 7),

— zone 3 — dismantling of equipment at the reactor
site on the level of 8 m (I&C system drivers; verti-
cal channels; drivers for stationary and mobile
ionization chambers, etc.),

—  zone 4 — dismantling of the thermal column (figs.
8-10), and

— zone 5 —secondary processing and deactivation of
the dismantled equipment.

SAFETY ASSESSMENT

The safety assessment of the PDP of IRT-Sofia
identified hazards that could possibly accompany the
procedure. They are to be mainly associated with ra-
dioactive materials obtained during the dismantling of

the inner body devices, thermal column and primary
circulation loop, the body of the reactor core, ejector,
pipelines, pumps, heat exchangers, graphite, concrete
from the biological shield, etc.

In addition, conventional (industrial) hazards
are also to be taken into account when the operation of
machines at high altitudes and risks caused by external

Figure 6. Cooling loop prior to the dismantling
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Figure 8. Thermal column prior to the dismantling

Figure 9. Graphite from the removal of the thermal
column

factors such as fire, earthquake, and floods have to be
taken into consideration, as well.

Based on the results of normal and accidental
scenario analysis and comparison with safety criteria,

Figure 10. Thermal column after the dismantling

safety measures for radiation protection were defined,
including measures such as the use of protective cloth-
ing, underwear, shoes, masks, and respirators against
radionuclide inhalation. Also included into the system
were: safety engineering protection measures (barri-
ers, tents, ventilation, ezc.), portable ventilation sys-
tems, materials for providing protection (lead blocks,
PVC sheets, efc.)

The minimization of dose exposure of the per-
sonnel according to the ALARA principle was real-
ized by optimizing the number of persons irradiated, in
compliance with dose limits determined by the said
regulation and the lowest attainable levels possible.

Rules and instructions concerning the conduct of
the personnel during the dismantling were set up. At
each of the zones, the person on duty determined the
time allowed for dosimetry measurements, depending
on the equivalent dose rate and accepted limits of per-
missible irradiation.

RADIATION DOSES

Collective doses obtained during the partial dis-

mantling are:

— in the reactor pool — 2.47 man mSyv,

—  during the external dismantling of the thermal col-
umn (reactor hall) — 2.41 man mSv,

— on the reactor site itself — 80 man pSv,

— on the site for the secondary treatment and decon-
tamination of the dismantled equipment —
271 man puSv, and

— on the premises of the 1 CL (premises 103) —
123 man pSv.

Waste management involves all activities, in-
cluding decommissioning, connected with the manip-
ulation, preliminary treatment, processing, condition-
ing, storage and disposal of RAW, except for their
transportation outside the perimeter of the reactor site.

RAW management stages are shown in the
scheme on fig. 11.
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Figure 11. RAW management stages

All the radioactive materials and waste gener-
ated during the PD of IRT-Sofia are described in log-
books, especially those concerning PD activities. The
generated RAW was collected separately, according to
kind (solid or liquid) and categorization. Radionuclide
content monitoring was done with portable radiomet-
ric appliances, at a location where the radiation back-
ground in the restricted zone is sufficiently low, so as
to give a qualitative analysis of the isotope content.

Following RAW categories were determined ac-
cording to [5], article 5 and [6].

Solid RAW of the first category (1): Transitional
RAW which can be released from regulatory control
after proper treatment and/or temporary storage.

Solid RAW of the second category (2): Low- and
medium activity wastes. Additionally, this category is
categorized as category 2a — short-lived, low- and me-
dium- activity wastes and as category 2b — long life-
time, low- and medium activity wastes.

Solid RAW of the third category (3): High activ-
ity wastes.

Table 1 shows the quantities of RAW resulting
from the partial dismantling of IRT-Sofia equipment.

The RAW obtained from the partial dismantling
of IRT-Sofia equipment was collected, decontami-
nated, packed and temporarily stored on the reactor

Table 1. Quantities of RAW
RAW streams description Planned | Obtained

Solid RAW, reactor pool, partial
dismantling, RAW storage, metal 1680 kg 1686 kg
of 2a and 2b category

Solid RAW, reactor pool, partial
dismantling, RAW storage, 70 kg 70 kg
non-metals of 2a and 2b category

Solid RAW, thermal column,
partial dismantling, RAW storage, 5040 kg | 5040 kg
metal of 2a and 2b category

Solid RAW, thermal column,
partial dismantling, RAW storage,
non-metal of 2a and 2b category

Solid RAW, I CL, partial
dismantling, RAW storage, metal 5800 kg | 2736 kg
of the 1", and 2a category

Liquid RAW, reactor hall, partial
dismantling, tanks, coolant from
reactor pool

Liquid RAW, reactor hall, partial
dismantling, tanks, 6000 L 1000 L
decontamination solutions

Liquid RAW, reactor hall, partial
dismantling, RAW storage, 320L 160 L
ion-exchange resins

10000 kg | 11035 kg

60000 L | 60000 L

Figure 12. Site for temporary disposal of containers with
RAW

site (fig. 12). After packing, it was placed in licensed
transport containers, to be delivered for storage to the
state enterprise “RAW”.

Liquid RAW from the IRT was delivered to the
state enterprise for recycling and storage.

CONCLUSION

A final radiological survey of the reactor pool
and the premises after the completion of dismantling
activities has been performed to ensure that the estab-
lished criteria have been met.

An inspection of radiation protection measures
applied at the IRT-Sofia site was then performed by
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BNRA inspectors. The conclusions of this inspection

were as follows:

e “Adequate measures of radiation protection were
applied during the partial dismantling procedure.
Data coming from the monitoring of the IRT-Sofia
site for radiation prove that the dismantling proce-
dure did not have a significant impact on the read-
ing.”

e “Themanagement of RAW obtained from the par-
tial dismantling of IRT-Sofia has been carried out
according to internal working documents and in
keeping with radiation protection measures.”

e  “The commission advised IRT leaders to prepare
and build a site for the temporary disposal of con-
tainers containing RAW.”

As recommended, a site for the temporary dis-
posal of RAW was built prior to its delivery and stor-
age at the “RAW?” state enterprise [7] and [8].

The final report and conclusions call for novel
equipment and systems in dealing with the said issue.
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Tuxomup I'. AIIOCTOJOB, Exka . AHACTACOBA, Banenrnn [I. AHACTACOB

JEJINMUYHO YKIABABE NCTPAXKNBAYKOI' PEAKTOPA
NPT-CO®PUJA TIPE IbEITOBE OBHOBE

Byrapcka Bnaga omgmyumna je 2001. rogune na uctpaxkuBauku peaktop y Coduju o6HOBU U
npeoOpaTH y peakTop Majie cHare. Y Ty CBPXY CIIPOBEACHO je IETMMUIHO PACTaBIbakhe CTAaPUX CHCTEMA U
onpeme UPT-Codpuja, ca HaMepoM fa ce y KOHCTPYKIHMjU HOBOT UCTPasKUBAYKOL peakTopa Malle CHare
MOHOBO YNOTpeOu OMOJOMIKM INTHT Off OeToHa. Pagu pgenoTBOpHUjer Kopulthema pacrnoioKUBHX
CpeficTaBa, HAYMIbCH je MHXKECIHEPCKHU MPOjeKaT MO3HAT MOoj uMeHOM ‘TliaH 3a JeTMMUYHO YKIIamharbhe
onpeme MPT-Codmja kao feo mpeBobema y MCTpaskMBayKM peakTOp Maye cHare”, KOju ce Off Tajia

YCHEIIHO IPUMEYje.

Kmwyune pequ: uctipaxcusauku peaxiiop, 0eAUMULHO YKAAKAIE, PAOUOAKITHUSHU OHNAO,
O0eKOHILAMUHAUU]A, UPOYEHA CUZYPHOCTIU, 3AULTUUINA 00 3paUersa



