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The clean-up and decontamination of the hot cells will be performed in the second phase of
the WWR-S research reactor decommissioning. Identification of possible incidents or acci-
dents is the key element in radiological assessment and prevention. As major incident it was
considered a fire burst that occurred during the progress of the clean-up operations. The pos-
tulated incident has, as a consequence, thick smoke generation from the burned radioactive
material and the dispersion of this material in the environment through the technological
ventilation system and the evacuation chimney. From the performed analysis it can be seen
that in the case of an incident to the reactor hot cells, an operator engaged in intervention op-
erations could take an effective dose of 5.29 Sv per event, coming from both external and in-
ternal exposure. Such an incident, if it happens, would be classified of level 3 on the INES

scale.
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INTRODUCTION

The WWR-S research reactor owned by the Na-
tional Institute of Research & Development for Phys-
ics and Nuclear Engineering “Horia Hulubei”
(IFIN-HH), Magurele, Romania, was commissioned
in 1957 and it was shutdown in 1997. The facility is a
light-water-cooled-moderated-and-reflected, hetero-
geneous, thermal reactor. It is a tank type Russian ori-
gin research reactor used mainly for radioisotope pro-
duction and for applied and fundamental research
performed in the Institute [1]. In 2002, Romanian
Government decided that the WWR-S reactor will be
permanently shut down for decommissioning [2].

At the end of 2012, all the Russian origin fuel
(10% and 36% enrichment in 23°U) was completely re-
moved from the site and sent back to the Russian Fed-
eration, creating a wide working front for the decom-
missioning activities.

The decommissioning of the WWR-S reactor of
IFIN-HH will be accomplished through a process in-
cluding three successive stages [3]. This process cor-
responds to the method entitled by International
Atomic Energy Agency (IAEA) as immediate disman-
tling method, after an authorized period of preserva-
tion [4, 5]. Because immediate dismantling operations

* Corresponding author; e-mail: adrag@nipne.ro

will be finished in several years after reactor stopping,

workers exposure to radiation will be, generally,

higher than for methods which use deferred disman-
tling and have, as a consequence, delay of works.

The clean-up and decontamination of the hot
cells will be performed in the second phase of the
WWR-S research reactor decommissioning, when the
external systems are dismantled.

At the beginning of the clean-up and decontami-
nation of the hot cells, the following systems should be
operational:

— the mechanical manipulators,

— the carriage for transportation between hot cells,

— the cutting machine,

— the electric lifting systems for opening the radio-
active sources storage lid and the gates between
the hot cells, and

- the lighting system.

Decommissioning activities of the hot cells are
subjected to complex laws and regulations in the nu-
clear field. Thus, radiological assessment should be
conducted systematically during the hot cells decom-
missioning by implementing well-defined stages [6]:
— optimizing the radioprotection by planning the de-

commissioning activities in accordance with the
chosen decommissioning strategy,

— identifying the radiological issues that may arise
in the normal decommissioning activities and
their engineering analysis,



C. A. Dragolici, et al.: Radiological Assessment in Case of an Incident at ...
158 Nuclear Technology & Radiation Protection: Year 2014, Vol. 29, No. 2, pp. 157-164

identification of possible incidents and accidents

that may occur during decommissioning process

and their engineering analysis,

— evaluation of the consequences of decommission-
ing activities on the personnel involved and on the
population, both in the normal development of the
decommissioning process and in the case of inci-
dents/accidents,

— comparing the results with the relevant security
evaluation criteria, and

— establishing measures for prevention and mitiga-
tion of the consequences [7, 8].

The present paper deals with the radiological as-
sessment of a major incident that could affect the envi-
ronment, but mostly the staff involved in mitigation
activities. In our work the most important thing is to
define the radioactivity source, based on the remained
long-lived radionuclides from the inventory. It was
found that the most important contribution to the total
dose is given by °*Co, 137Cs, and *°Sr. Source model-
ing, activity and dose calculations were performed us-
ing the MicroShield program. For mathematical mod-
eling, it was also necessary to establish the time (steps)
required for a worker intervention during the incident.
Basically we will present a possible scenario for the
hot cell no. 1 (HC1), which has the richest radioactive
inventory and presents the highest risk in terms of ra-
diological and health safety for the operating person-
nel involved in these activities.

HOT CELLS DESCRIPTION

During 40 years the hot cells served for produc-
tion of radioisotopes used for research, medical and in-
dustrial purposes. As a raw example we can mention
99mTe (1.85-10'2 Bq per year), °Y (7.4-10'° Bq per
year), Mo (1.85-10'2 Bq per year), 8 Au (1.85-10'2
Bq per year), 13'1 (3.7-10'2 Bq per year), '*’Ir (3.145-
-10'4 Bq per year), used in medicine, *’K (1.48-10'! Bq
per year), 3?Br (7.4-10'° Bq per year), 2P (1.11-10"!
Bq per year), ¥S (1.11-10' Bq per year), used in
radiochemistry, and ®*Co (1.85-10'" Bq per year) for
industrial applications. All these elements were ob-
tained by irradiation in the reactor active core chan-
nels. Before irradiation, the materials were carefully
packed in cylindrical aluminum containers having the
dimensions of @ 37 mm x 140 mm and @ 22 mm x 140
mm. After irradiation, the containers were lowered by
a wire into HC1 through a connection tube. Here, the
containers were cut with a cutting machine and the ra-
dioactive sources were extracted by mechanical hands
and shielded in special containers. Therefore, hot cells
inventory is very rich in radioactive waste and sources.
From the known history, we presume that hot cells
contain also bottles and ampoules with solutions of
60Co, 134Cs, 13Ba, %Ni, and aluminum containers
with fission products like *°Sr, 1¥7Cs, and '**Cs used

for experiments. Of course, short-lived elements are
already vanished but long-lived nuclides are still a
concern. Estimations have been made in order to es-
tablish the quantity and the activity of the hot cells in-
ventory [9]. Also, it should be noted that in HC1, areas
can be found, which contain significant quantities of
combustible substances (possibly contaminated): lu-
bricants, solvents, plastic sheets and rags, wooden
structures (small scaffolding, supports, etc.), plastic
boxes and ampoule holders, wipe pads of gauze and
cotton, filter papers, clogged filters and rubber hoses.
The location of the HC1 is illustrated in fig. 1.

Thus, room no. 21 corresponds to hot cells no. 5
and 4, and room no. 22-24 correspond to the hot cells
no. 3, 2, and 1. Furthermore, at the end of corridor no.
25 one can find the room no. 18, where the control
panel is located, which commands the hot cells gates
and the carriage that provide material and equipment
movement to and from the hot cells. On the other side,
on the opposite direction of the operator's rooms, is the
corridor no. 17, which provides the access to the rear
part of the hot cells through massive lead and steel
doors. At the opposite end of the corridor no. 17 en-
trance area, is room no. 19, which allows the access to
the hot cell no. 5. HC1 has the following dimensions:
3.1 mlong, 1.8 mwide and 2.6 m high. In the middle of
the HC1, the radioactive sources storage can be found,
which is believed to accommodate most of the high ac-
tive sources produced during time. The radioactive
sources storage has a cylindrical shape with @ = 400
mm and is located at 600 mm beneath the HC1 floor
level. The storage has a thick lead lid above which can
be lifted with a mechanical system, together with the
metal rack carrying the radioactive sources. In order to
establish the basis for realistic estimation of the radio-
logical risk, the operator staff made direct measure-
ments of the equivalent dose and equivalent dose rate
inside HC1. To measure the equivalent dose received
by a worker who is participating at the cleaning opera-
tion of HC1, an individual dosimeter with direct read-
ing, similar to those worn by operating personnel en-
gaged in these activities, was introduced inside the hot
cell. The introduced dosimeter is of Saphydose type
and can measure an equivalent dose of gamma radia-
tion in the range of 1 uSv-10 Sv. The dosimeter was in-
troduced in HC1 through the transport carriage serv-
ing the transportation between the hot cells (fig. 2).
The measurement point was located at the entrance of
HCI1, at about 1 m away from the center, and the mea-
surement time was 5 minutes. During the measure-
ments, the metal rack with radioactive sources was
lowered in the down position in the storage. After the
measurement, the device was removed from the HC1,
in the same way as it was introduced. The equivalent
dose recorded by the device during 5 minutes was
19.897 mSv.

The equivalent dose rates, measured by the
health physics division operators within the HC1 are
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Figure 1. Location of HC1

Figure 2. Introduction of a dosimeter in HC1

presented in tab. 1. The measurements were made us-
ing a Thermo FH 40 GX type dosimeter witha 612-10
FHZ attached probe that can record dose rate values
between 0.1 uSv/h-10 Sv/h. Because the estimates for
this type of measurements had foreseen very high dose
rates, for the operating personnel safety and for the ac-
curacy of the results it was decided to lower the mea-
suring probe from reactor lids through the dry channel
43/4, inside the HCI (fig. 3). For this purpose, be-
tween the dosimeter and the probe a special measuring
cable 20 m long, was interposed.

To prevent separation of the probe from the con-
nection jack and damage of the measuring cable, a “re-
inforcement” steel cable of @ = 4 mm tied in parallel
with it was used. The detector along with the connec-
tions, has been shrink wrapped and a lead weight tied
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Table 1. Measurements of the equivalent dose rate in HC1

No.| Measurement point in HC1 From To

1 |Connecting pipe entry in HC1 ngcrr:slsf}tl %%grglglg/l}llt

Left Right
810 mSv/h 1.9 Sv/h

First drawer | Around it

2 Sources storage area

3 | Metallic rack with sources

1.98 Sv/h 4.40 Sv/h

. . Second drawer| Around it

4 | Metallic rack with sources 4.50 Sv/h 4.80 Sv/h
. . Third drawer | Around it

5 | Metallic rack with sources 501 Sv/h 6.32 Sv/h

Figure 3. Lowering the 612-10 FHZ probe into the HC1
through the channel 43/4

to the same steel cable, was attached at a distance of
40 cm from the probe bottom.

In the HC1, the measurements were made han-
dling the probe by means of mechanical manipulators.
The probe was taken from the inlet to the HC1 by one
of the manipulators and was randomly “walked” over
materials and objects in order to detect hot spots with
high activity. The detected hot spots were recorded in a
log book by an operator.

DESCRIPTION OF SITE
SURROUNDING AREA

The WWR-S reactor is located in Magurele City,
8 km away in a straight line from the Bucharest down-
town. Magurele City comprises 11041 of inhabitants
spread over a total surface of 45 km?, about 245 resi-
dents per square kilometer. The reactor site is sur-
rounded by a round forest 1.6 km in diameter. At the
end of the forest, the first group of houses of the
Magurele City inhabitants can be found on a plane
field. We can estimate that the critical group of popula-
tion could be found between 800 and 1000 m away
from the reactor location, around the circular forest.
This area accommodates about 47 houses where ap-
proximately 277 people live.

SCENARIO PRESENTATION

Analysis of the incident mentioned in the title is
based on the information from the reference [6]. The
event entitled “Fire in the facility due to the damaged
electrical system” is possible to occur because the ini-
tial electrical installation of the WWR-S reactor will
also be used during the decommissioning process. Ca-
ble insulation may be damaged, so the occurrence of
ignition sources is not totally excluded. It is assumed
that the fire broke out in the HCI1.

Cleaning and decontamination of hot cells is a
hard work which presents radiological risks for the op-
erating personnel. This work should be done in the fol-
lowing sequence: removal of the radioactive materials
and decontamination of hot cells.

As the first step in cleaning the hot cells we have
to consider evacuation of those objects that show high
activity and may contain radioactive sources.

It is assumed that during the cleaning process of
the HC1, it will be necessary to lift the lid from the ra-
dioactive sources storage to facilitate the emptying of
the metal rack drawers. The rack for the sources stor-
age has a cylindrical shape and contains 3 compart-
ments (drawers) for storage. When the rack is com-
pletely lifted from the storage, the operator activates
the moving system of the cutting machine to move it
away from the area and to facilitate the access of the
manipulators in taking the aluminum containers with
the radioactive sources.

Due to the friction between the cable insulation
of the motor power supply (which moves the cutting
machine) and the sharp edges of aluminum scraps
scattered around the hot cell, an electrical spark may
occur if the cable insulation is damaged. In that case,
fire breaks out and will be extended to the whole cable
insulation and beyond. It is assumed that the fire may
be extended to the area of combustible materials. We
suppose that the fire will burn over an area of 2.7 m x
x 1.5 m=4.05 m? with a high flame releasing a signifi-
cant amount of heat at a high temperature that will ig-
nite the air filter located at the top of the hot cell. Asa
function of the burning time, the maximum tempera-
ture of the fire was established through the “time-tem-
perature” curve described in ISO-834 from references
[10]and [11]. The maximum calculated temperature to
be reached by the fire is 548 °C.

Spreading of the fire to the surrounding areas is
unlikely, but not impossible. The fire could spread to
the hot cell no. 2 through the channel of the transport
carriage and could affect the room 24 and the corridor
25 by emission of smoke with radioactive particles be-
sides manipulators seals.

It is assumed that after the fire outbreak the air
filter situated on the top of the HCI is set on fire and
destroyed. Inside the HC1 the fire generates smoke
and ash into the air which causes spreading of radioac-
tive particles from the burned materials. In the absence
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of filter retention, they are fully absorbed by the tech-
nological ventilation system and discharged into the
environment through the ventilation chimney which
has a height of 40 m and a diameter of 2 m.

To minimize the fire effects and to prevent its ex-
tension, fire emergency suppression measures have to
be taken. These measures consist of removing of those
parts from the combustible materials that have not yet
been consumed by the flames and extinguishing the
fire with appropriate fire extinguishers. The only way
to extinguish the fire quickly and effectively is sending
a team of three operators (two mechanics operators
and one health physics operator) to act in corridor no.
17 by opening the massive lead and steel door that
blocks the access to the HCI.

Wearing appropriate protective suits and respira-
tory masks for the whole face with particle pair filters,
equipped with hooks and portable fire extinguishers
and under strict supervision of the health physics opera-
tor, the two mechanical operators will cautiously ap-
proach the affected area trying to take the best possible
visibility through the thick cloud of smoke.

Taking into account the measurement of the
equivalent dose described above, it is considered that
in the place where operators will act, the equivalent
dose received for a 20 minute of intervention will not
exceed 80 mSyv. The health physics operator will con-
tinuously monitor the dosimeter (Thermo FH 40 TG)
with the telescopic probe extended to maximum (4 m),
warning the two operators when time has expired. The
personnel of the team have been trained not to exceed
the established maximum admissible dose of 100 mSv
for the intervention. When the armored door of HC1 is
opened for operator intervention, it creates a sudden
depression in the HC1 access passage, which forces
the thick smoke to completely occupy the entire vol-
ume of the passage and come out into the corridor no.
17. This dispersion of radioactive smoke from HC1 to
access corridor and, respectively, to corridor no. 17,
produces a decrease by about 102 times of the initial
isotope activity contained in the cloud. In addition to
sudden reducing visibility, thick smoke and high tem-
perature soon lead to filter clogging of the operators
masks. Their effectiveness drops sharply to 55%.

Trying to remove from the fire some aluminum
containers which are supposed to have great activities,
the operators wrong handled the hook and overturned
the rack with the radioactive sources. The sources are
kept in cylindrical containers made of aluminum,
which can roll easily and spread everywhere, includ-
ing in the access passage of the HC1 at the foot level of
the three operators.

The thick smoke from HC1 prevented the opera-
tors to observe the rolling containers coming inside the
access passage. This accident can happen suddenly
without any prior warning, exposing the 3 operators to
an equivalent dose rate of 6.32 Sv/h.

Due to the small dimensions (0.9 m x 0.4 m) of
the access passage, and to the low oxygen concentra-

tion (below 17%) that causes dizziness, the two
mechanical operators lose their balance, slip on the
aluminum containers and fall down in the corridor no.
17. Following this accident the operator's fractures
one of their upper limbs, the shock and the lack of oxy-
gen resulting in loss of consciousness.

This accident may result in exceeding the time of
20 minutes provided for intervention in the affected
area. In this case, for the recovery of injured operators
it must be sent a second emergency team consisting of
5 people (4 mechanics operators and one health phys-
ics operator). Depending on the situation and the time
spent in the field of radiation, the doses undertaken by
the operating personnel can be even fatal.

EXPOSURE ASSESSMENT

We assume that all materials and objects in HC1
are contaminated with the following isotopes: ®°Co
(1 TBq), '¥’Cs (2 TBq), and *°Sr (0.5 TBq). Therefore,
the smoke will contain these radioactive isotopes, but
it is supposed that due to the promptly intervention of
the operators only 15% of their initial activity will be
discharged into the environment. The remaining 85%
will remain in HC1 in the form of smoke with contami-
nated airborne particles.

To calculate doses and assess the impact to the
population, we use the model analyzed in reference
[6]. Radiation doses for the population were calculated
using the methodology and the coefficients from [12].
The main exposure pathways for the population, con-
sidered for this scenario are:

— external exposure to airborne material,

— external exposure of the material deposited on the
ground for 24 hours, and

— internal exposure due to ingestion of airborne ra-
dioactive material.

Dose equivalents were calculated for whole
body (the effective dose). The calculation method has
been presented in [13]. Factors released into the atmo-
sphere were calculated using the method from [14].
Taken into consideration the data presented in tab. 2
we can calculate the collective dose for the critical
group of population 0f2.97-10~7 Sv. Due to the techni-
cal and administrative measures, the impact to the peo-
ple and environment is strongly reduced. Because the
incident influence on the public and environment is
negligible, we will present just the results which are
listed below in tab. 2 and fig. 2. Further, we will focus
only on the impact on the operating personnel in-
volved in intervention for mitigation purposes.

We assume that 85% of the radioactive inventory
contained by the smoke is still in HC1 at the moment of
operator's intervention, the remaining 15% being dis-
charged through the reactor ventilation chimney. Con-
sidering that 15% of the outside discharged radioac-
tive inventory is coming from the initial activity of
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Table 2. The effective dose for the population

Distance EX]D(;}SIICHG tO Ingestion E);gzsiggztti?;he f?m}l
[m] | radioactive [Sv] dematf-::lzs g ecElsve]
cloud [Sv] posited on | dose [Sv
soil [Sv]

200 9.54E-61" | 6.38E-58 4.57E-59 | 6.84E-58
300 3.14E-37 | 2.10E-34 1.51E-35 2.25E-34
500 1.20E-21 | 7.99E-19 5.72E-20 8.58E-19
700 4.09E-16 | 2.73E-13 1.95E-14 | 2.93E-13
1000 1.50E-12 | 1.00E-09 7.16E-11 1.08E-09
2000 | 2.94E-09 | 1.96E-06 1.39E-07 | 2.11E-06
3000 1.79E-08 | 1.20E-05 8.45E-07 1.28E-05
4000 | 3.55E-08 | 2.37E-05 1.66E-06 | 2.54E-05
5000 | 4.84E-08 | 3.23E-05 2.25E-06 | 3.46E-05
6000 | 5.61E-08 |3.75E-05 2.60E-06 | 4.02E-05
7000 | 6.02E-08 | 4.02E-05 2.77E-06 | 4.31E-05
8000 | 6.20E-08 | 4.14E-05 2.83E-06 | 4.43E-05
9000 | 6.22E-08 | 4.16E-05 2.83E-06 | 4.45E-05
10000 | 6.16E-08 | 4.12E-05 2.78E-06 | 4.40E-05
15000 | 5.44E-08 | 3.63E-05 2.38E-06 | 3.88E-05
20000 | 4.70E-08 | 3.14E-05 1.99E-06 | 3.35E-05

" 9.54E-61 read as 9.54-10"'

1.00E-01
__ 1.00E-07
@ 1.00E-13
$ 1.00E-19
S 1.00E-25 ‘
'j% 1.00E-31 // —+— Exposure to the radioactive cloud
% 1.00E-37 f —s— Ingestion
é’ 1.00E-43 —a— Exposure to the radioactive materials deposited on soil
1.00E-49 —¥*— The effective dose
1.00E-55
1.00E-61 3 ‘ ‘
100 1000 10000 100000

Distance [m]

Figure 4. The effective dose for the population

considered isotopes, we can assume that the activities
of remaining isotopes in HCI1 are of the order 0.85
TBq (*°Co), 1.7 TBq (**’Cs), and 0.425 TBq (*°Sr).

The total dose taken by an operator considering
the exposure by direct radiation and by inhalation is
given by the following formula [15]

Dtot =Dext +Dinh =Dext + Zh(g)j,inh Jj,inh
J

where Dy [Sv] is the total dose taken by the operator,
Dy [Sv] —the dose due to external exposure to gamma
radiation, Di,, [Sv] — the dose due to inhalation of the
smoke with contaminated airborne particles, /(g);nn
[Sv/Bq] — the committed effective dose per unit of in-
corporation through inhalation of a radionuclide j, and
Jiinn [Bq] —the incorporation through inhalation of the
radionuclide ;.
Taking into account that:
— the volume of the HClis3.1mx 1.8 mx 2.6 m=
=14.51 m’,
— the volume of the HC1 access passage is 0.9 m x
x0.4mx1.6m=0.58 m’,

— thetotal volume of the HC1+ the access passage is
14.51 m® +0.58 m’ = 15.09 m’,
— the breathing rate for a worker is 1.2 m*/h [16],
— the intervention time (and for inhalation of
radionuclides) is 20 minutes = 0.33 h,
—  the activity of ®*Co = 0.85E+10 Bq,
—  the activity of ¥’Cs = 1.70E+10 Bq, and
—  the activity of *°Sr = 0.43E+10 Bq.
we can calculate the radionuclide concentration inside
HCI:
—  the concentration of “’Co = 5.6E+08 Bq/m’,
—  theconcentration of *’Cs=11.3E+08 Bq/m’, and
—  the concentration of *’Sr = 2.9E+08 Bq/m’.
We also consider the values in tab. 3 [15].

Table 3. Workers committed effective dose per unit
intake via inhalation

Inhalation
Isotope Tip Type : h (g)
fi
1 pm 5 pm
Co-60 |527years| M 0.1 |9.60E-09 | 7.10E-09
Cs-137 130.00 years 1.000 | 4.80E-09 | 6.70E-09
Sr-90 {29.10 years| F 0.3 |2.40E-08 | 3.00E-08

o]

Due to the decrease of the protective mask filters
efficiency, in 20 minutes of intervention an operator
inhales 0.4 m? of contaminated air with up to 45% of
the radioactive isotopes activity remaining in HC1.

This means that during the intervention at HC1
an operator will intake 1.01E+08 Bgq of ®Co,
2.03E+08 Bq of 1¥’Cs, and 0.52E+08 Bq of *°Sr.

With the above considered equation we can cal-
culate the total dose for the internal and external expo-
sure of a single operator

Dy=2.10Sv+(0.97Sv+0.97Sv+1.25Sv)=5.29 Sv

We can note that in case of an incident in the hot
cells, an operator engaged in intervention may take a
dose of 5.29 Sv coming from external and internal ex-
posure.

The analysis performed on the scenario pre-
sented, indicate that the intake dose by an operator
may exceed 5 Sv per event.

MEASURES TO BE TAKEN

The ultimate objective analyzing the presented
scenario is to identify appropriate preventive, protec-
tive and mitigation measures, so the scenario does not
happen and if it happens, the consequences are much
lesser than calculated here.

Clean-up is the conventional and most frequent
operation encountered to this type of installation and
phase of activities, nevertheless, unexpected events
can occur despite all measures taken. Therefore, step
by step assessment is needed to evaluate the risks and
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establish appropriate mitigation measures. The first
measure taken should be reconsidering and revising
the working procedures, so that no mistakes are al-
lowed in sources manipulation and firefighting. Better
training of the operators with emphasis on firefighting
technique and procedures, should be also considered.
Improvement of the protective suits by acquisition of
aluminized flame proof and heat protection garment
with independent breathing apparatus under the suit, is
compulsory to face such events. Nevertheless, an im-
portant attention should be paid to careful examination
and analysis of the best technique and procedures to be
used for consequence mitigation.

CONCLUSIONS

The scenario considered above is the worst situa-
tion that could appear during the clean-up of the hot
cells. It was selected on purpose to be conservative and
due to the pristine condition of the hot cells this event
has a significant probability to occur. It is based on a
very close to reality HCI inventory and on existing
equipment and materials used regularly and in emer-
gency cases by the reactor personnel. The conceptual
model includes the most likely potential transfer path-
ways of radionuclides from the source (hot cell inven-
tory) to humans. In the considered event the main expo-
sure pathways for intervention staff are direct exposure
to gamma radiation from radioactive sources and the in-
halation of contaminated air, assuming that a certain
percentage of the total contamination spread rises in air
as contaminated dust and ashes. Slow processes like
possible dermal contact with contaminated substances
and airborne particles during intervention were not
taken into consideration. Analyzing the consequences
of the event it can be seen that the dose to the population
is negligible while the impact to the intervention opera-
tors is at highest risk. Evaluating the event, in terms of
radiological safety, is its classification on the INES
scale [17]. Even though this incident did not result in a
significant external release of radioactivity, nor of im-
portant degradation of in depth defense, the event is
classified as Level 3 (serious incident), based on its
highest risk for the intervention operators. Exposure
rates of more than 1 Sv/h in an operating area and severe
contamination in an area not expected by design, with a
low probability of significant public exposure, justify
the selected level. From this survey we can observe that
even facilities like no fuel reactors or reactors being de-
commissioned, whether or not the fuel is still on-site,
can raise serious problems during performing so called
normal activities.

ACKNOWLEDGEMENTS

The authors would like to thank to Mr. A. Rodna
from the National Commission for Nuclear Activities
Control, for his useful remarks and suggestions.

AUTHOR CONTRIBUTIONS

Theoretical analysis was carried out by C. A.
Dragolici and the measurements were carried out by
A. Zorliu. The manuscript was written by C. A.
Dragolici and the figures were prepared by A. Zorliu.

REFERENCES

[1]  Dragolici, A. C., et al., Study of the WWR-S-NIPNE-HH
Reactor Main Component's State, after 40 Years Work-
ing, Using Non-Destructive Methods, Proceedings, Inter-
national Symposium on Research Reactor Utilization,
Safety and Management (IAEA), Lisbon, Portugal, Sep-
tember 6-10, 1999

[2]  ***, Romanian Official Monitor No. 311, May 10,
2002

[3] Dragusin, M., et al., Good Practices in Decommis-
sioning Planning and Pre-Decommissioning Activi-
ties for the Magurele VVR-S Nuclear Research Reac-
tor, Nucl Technol Radiat, 26 (2011), 1, pp. 84-91

[4] ***, Decommissioning of Facilities Using Radioac-
tive Material, IAEA, Safety Standards No. WS-R-5,
Vienna, 2006

[5] *** Decommissioning Strategies for Facilities Using
Radioactive Materials, IAEA, Safety Reports Series
No. 50, Vienna, 2007

[6] *** Decommissioning Plan of the Nuclear Research
Reactor WWR-S, CITON, Revision 10, June, 2010

[7]  ***, Safety Assessment for the Decommissioning of
Facilities Using Radioactive Materials, IAEA, Safety
Standards No. WS-G-5.2, Vienna, 2009

[8] *** Safety Assessment for Decommissioning,
IAEA, Safety Reports Series No. 77, Vienna, 2013

[9]  ***, Characterization Survey Report of the WWR-S
Reactor, IFIN-HH, September, 2006

[10] Savornin, I., Hebrard, L., The Risk of Fire in the In-
stallations of the Fuel Cycle (IPSN) (in French), Tech-
nique Note No. 284, December 1990

[11] *** Guide on Methods for Evaluating Potential for
Room Flashover, NFPA 555

[12] *** Generic Models for Use in Assessing the Impact
of Discharges of Radioactive Substances to the Envi-
ronmental, [AEA, Safety Reports Series No. 19, Vi-
enna, 2001

[13] *** Contract MENER ME-XX010-ST-SN-03 No.
010/11.10.2001 Phase 3, Research for Ensuring Nuclear
Safety During Decommissioning of Research Reactors.
Possible Incidents During the WWR-S reactor Decom-
missioning, CITON, Scenarios, Assessment Methods,
2002

[14] ***  Guidelines for Calculating Radiation Doses to
the Public from a Release of Airborne Radioactive
Material under Hypothetical Accident Conditions in
Nuclear Facilities, CSA, Standard No. 288.2, 1985

[15] *** International Basic Safety Standards for Protec-
tion against lonizing Radiation and for the Safety of
Radiation Sources, IAEA, Safety Series No. 115, Vi-
enna, 1996

[16] *** Derivation of Activity Limits for the Disposal of
Radioactive Waste in Near Surface Disposal Facili-
ties, TAEA, TECDOC 1380, Vienna, 2003

[17] *** The International Nuclear and Radiological
Event Scale User's Manual (Revised), IAEA, INES,
2008

Received on May 13, 2013
Accepted on May 19, 2014



C. A. Dragolici, et al.: Radiological Assessment in Case of an Incident at ...
164 Nuclear Technology & Radiation Protection: Year 2014, Vol. 29, No. 2, pp. 157-164

Kpucrujan A. IPATOJ/INLMN, Anpujan 30PJINY

PAITNOJONMKA INPOLEHA Y CIYYAJY MHIMNIEHTA
TOKOM YMITKREILA BPYhUX KEINJA

HYunthewe u fekoHTamuHanuja Bpyhux henuja 6uhe o0aB/bEHU TOKOM ipyTe (hase JeKoMucuje
ucrpaxupaykor peakropa WWR-S. MenTudukanuja Moryhux nHIugeHaTa UK aKIUAEHATA j€ KIbYYHU
€JIEMEHT PajIMoNIOLIKe NIPOLIEHE U NTpeBeHnyje. BehuM nHIugeHTOM cMaTpa ce u3bujame noxapa TOKOM
onepanyja unithewa. [IpernocraBbeHM HHIUECHT UMa 3a INOCIEAMIY HAcTajame TyCTOr AUMa Off
caropesior pajinOAaKTHBHOI MaTepHjaja M pacHlama OBOT MaTepHjaja y OKOJHY CpEJUHy Kpo3
BEHTUIAIIMOHU CUCTEM U JuMBak. Ha ocHOBY ypabeHux ananusa, Buiu ce ja 61 y caydajy HHIMIEHTA Ha
peakTopcKuM henujaMa, TeXHUYAP YKIbYUEH Y UHTEPBEHIIU]Y MOTao Jla IpUMuU e(peKTUBHY 03y 0ff 5.29 Sv
no porabajy, Koja HOTHYE U Off CIOJBbAIIKET U Off YHyTpallllher u3naramba. OBakaB UHIUCHT OHO OU
kjacu(uKOoBaH Kao uHIuAeHT Tpeher HuBoa Ha INES-0Boj ckanu.

Kmwyune peuu: spyha heauja, padujayuona 3awinuitia, ipovyeHa 003e, CUeHAPUO UHUUOEHITLd,
uzbujarse toxcapa




