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Application of the ALARA
Principle to Minimize

the Collective Dose in NPP
Accident Management
within the Containment

This research focuses on application of the ALARA principle to minimize
the collective doses (both for NPP personnel and the public), relating
to admission of personnel to the containment for accident management
activities and depending on operation of ventilation systems.

Results from assessment of radiation consequences are applied
to a small-break LOCA with failure of LPIS at VVER-1000 reactors. The public
doses are evaluated using up-to-date RODOS, MACCS and HotSpot
software for assessment of radiation consequences. The personnel doses
are evaluated with MicroShield and InterRAS codes. The time function and
optimal value of the collective dose are defined.

The developed approach can be applied for minimization
of the collective dose for optimization of accident management strategies
at NPPs.
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3acTocyBaHHA npuHuuny ALARA 3 meTol0 MiHimi3auir
KOJIEKTUBHOI [03U B MNpoueci ynpaBniHHA aBapi€lo
B KOHTanHMeHTi Ha AEC

JocnigxeHHs1 crnpsiMoBaHO Ha 3acTOCYBaHHS MPUHUMIY ONTUMI3auii
A5 MiHiMi3auii J030Bux HaBaHTaXxeHb Ha rnepcoHasn AEC Ta HacesieHHs,
r10B’93aHNX 3 YaCOM MoYaTKy MPOBEAEHHS BiJHOB/IIOBAIbHUX POBIT Nepco-
HaJIOM Y KOHTaliHMEHTI Ta PeXnMOM PoBOOTv BEHTUSILIHOT cucTemu.

HaBeneHo pe3ynbtatv OuiHKW pagiauiiHnx Hacaigkis aBapii 3 masion
Tevero 1a BiamoBoo CAO3 HT Ha peaktopi Tuny BBEP-1000. KonekTtuBHi
[03U OMNPOMIHEHHSI HaCesIeHHs PO3pPaxoByBainCs 3 BUKOPUCTAHHSIM Cy-
qacHux nporpamHmx koaie RODOS, MACCS i HotSpot. Jo3un onpomMiHeHHs
nepcoHany Bu3Havaamcsl 3a aoriomoroto kofis MicroShield ta InterRAS.
Y pamkax 3actocyBaHHs nipuHUumny ALARA OTpUMaHO QYHKUiO 3MIHEHHS
KOJIEKTUBHOI 403U 3 YacOM Ta ii onTumasibHe 3Ha4YeHHS.

JaHunii nigxin moxe 6yTn 3aCTOCOBaHWIA AJ1s1 MiHiMIi3aLii KOIeKTUBHOI
03U OrPOMIHEHHS B ONTUMI3auii cTpareriv ynpasiHHs aBapismu Ha AEC.

KnwoyoBi cnosa:npuHunn ALARA, paaiauiviHi Hacnigku, MiHimMi3awis
KOIEKTUBHOI 103U, aBapisi 3 Masi0k0 TeYEr0 TENM/I0HOCIS MePLLOro KOHTYPY.
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n order to improve safety of NPPs, an important step

towards implementation of the optimization principle

is to achieve minimum radiation exposure to personnel,

the public and the environment both in normal operation

and in accident conditions. In recent years, scientific and
research capabilities in this area have been expanding [1—4].
In particular, research of the processes leading to the formation
of radioactive releases during accidents involving spills of liquid
radioactive materials in areas with forced ventilation was
performed by SSTC NRS in [4]. Radiation exposure caused
by such processes is estimated in this study using a variety
of atmospheric transport models. They are implemented
in the program codes MACCS [5], RODOS [6] and HotSpot [7].
However, these codes are more often used for the safety analysis
of nuclear power plants (e.g. predictive assessments [8, 9] or
real-time calculations [6]) than for optimization of the accident
management strategies or improvement of the emergency plans.
Unfortunately, today the main criterion for the optimization
of emergency response is the factor of economic justification [10].

The aim of this study is to optimize the radiation accident
management strategy according to the criterion of radiation
impact on the public and personnel at every stage of the accident.

Radioactive release management. The main parameters
that influence the formation of public exposure doses in case
of accidents in the containment are:

activity of radionuclides in the air space of the containment;

radioactive steam-gas mixture flow into the environment
through containment leakages or by the exhaust ventilation
system;

weather conditions accompanying the release.

In case of some accidents, it becomes possible to control
the release. For example, it can be isolation of a small leakage
from the primary circuit, control of forced ventilation system
circulation, or bleed of air fraction into the adjacent containment
rooms.

There are many methods of reducing the radioactive release
from the containment. For example, the Filtered Containment
Venting System (FCVS) can be used [11]. The delay time
of radioactive substances within the containment is critical for
appropriate countermeasures to protect the public from exposure
to a radioactive cloud passing in the early phase of an accident
(shelter, evacuation, iodine prophylaxis, relocation) [12].
Even short-term retention of the steam-gas mixture
in the containment can significantly reduce the proportion
of noble gases and radioactive iodine radioisotopes in the release
due to radioactive decay. Even for 3 days of retention, iodine
activity reduces by 10 times and noble gas activity reduces by
approximately 3 times.

All of the above methods allow reduction in radiation doses
to some extent.

Evaluation of collective doses. On example of a small-break
loss-of-coolant accident (SB LOCA) with failure of the low-
pressure injection system (LPIS) at VVER-1000 reactors,
consider the dynamics of dose values over time.

After an accident with leak of the primary coolant and failure
of the system to maintain primary coolant inventory at low
pressure, operational personnel need to take actions to restore
the failed equipment. These actions include the restoration
of equipment whose failure led to the LPIS failure (recovery of at
least one channel for primary makeup). Obviously, the timely
recovery of failed equipment restores the system. As a result,
severe damage to the reactor core is prevented.

If exact time for emergency personnel actions is known,
uncertainty remains regarding the entry of staff into the access-
control area. Early entry into the containment premises is
associated with significant doses for mitigation of the accident
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Fig. 1. Equivalent dose rate within the containment (a) and I-131 release into the atmosphere (b) for different ventilation flow rates

(Fig. 1a) and high levels of equivalent dose rate (EDR). Late
entry of personnel leads to a massive release of the steam-gas
mixture into the environment (Fig. 1b).

Assessment of the collective effective dose for personnel and
the public includes the use of various special tools of exposure
dose assessment. Examples of such tools are shown in Table 1.
The values of doses for personnel and the public were obtained

the current weather and population density databases. Therefore,
the RODOS code is the most suitable option for the evaluation
of the collective dose to the public.

Table 2. Activity data for MicroShield code (maximal
values of activity within the containment)

with these tools (Figs. 2 and 3). Activity, Bq
Group Radionuclide
Table 1. Effective dose components S::?XTJESS li‘:)lzf; :td
Group Irradiation ways Calculation tools Sr-90 5,63E+05 9,25E+06
External exposure from cylinder Ru-103 9,98E+05 1,64E+07
(radioactive steam-gas mixture
within the containment) MicroShield Ru-106 5,27E+04 8,65E+05
[13] 1
Personnel | b iernal exposure from disk rLa%rilgnllﬁiies Cs-134 6.44E+09 1.06E+11
(liquid radioactive material) Cs137 9.59E+09 P—
S_ 9 bl
Due to inhalation InterRAS [12] Cotdl 7 05E+06 L16E+08
(o ) )
External exposure from cloud
Publi Due to inhalation MACCS
ublic / I-131 8,92E+11 1,78E+11
Due to external exposure from HotSpot
ground surface 1-132 2,23E+12 4,46E+11
) o ) . Todine 1-133 2,46E+12 4,92E+11
EDR dynamics was found within the containment (Fig. 1a)
towards defining collective doses. The collective doses 1-134 1,52E+12 3,04E+11
to the public are calculated with several codes. The obtained
data were compared against the parameter effective dose rate. I-135 2,07E+12 4,14E+11
The calculation results showed sufficient convergence and did Kr-85 L1SE+11 0.00E+00
not exceed the 20 % relative error. ’ ’
The most conservative results were show by the US codes Kr-85m 2,21E+12 0,00E+00
MACCS and HotSpot (Fig. 2) including a simplified model
of atmospheric transport in comparison with the RODOS Kr-87 1,99E+12 0,00E+00
code (Fig. 3). The calculations showed that MACCS code was Noble gases Kr-88 5.79E+12 0.00E+00
suitable for probabilistic assessments of radiation consequences, B ’ ’
While RODQS was intended for predictive calculations of doses Xe-133 1,86E+13 0,00E+00
in emergencies.
Unlike the American codes, RODOS can specify Xe-135 5,52E+12 0,00E+00
a continuous source of release, gives the possibility to calculate
the dose rate with a time step from 10 min, and allows using Xe-135m 8,40E+11 0,00E+00
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Fig. 2. Effective dose evaluation using HotSpot code (data for I-131): contour (a), centerline (b)
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Fig. 3. Effective dose evaluation using RODOS code: field of effective dose rate (a),
effective dose dynamic at a distance (4 km) from release source (b)

Application of the ALARA principle. For SB LOCA,
ALARA optimization [14] of the collective dose is made
on the assumption that the individual doses do not exceed
the level of deterministic effects, i.e. conditions for the linear
no-threshold model “dose-effect” are met [15].

In the case of a radiation accident within the containment,
minimization of the collective dose is reduced to determine
the time of entry into the containment:

t+T t

@ =|n [ D0yt +[[ m(x,y)D,(1)dtdS | - min,
t S0

D, (1) — individual effective dose rate to body (personnel), Sv/sec;
Dp(t) — individual effective dose rate to body (public), Sv/sec;
n — number of personnel, man; m(x, y) — population density, man/m?;
S — square of contaminated territory, m2; T — time of mitigation
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(period of operations the restoration of the failed equipment
and decrease of the leakage rate), sec; + — time of entry, sec.

Fig. 4 shows the curves of the collective doses to personnel
and the public for SB LOCA with LPIS failure at VVER-1000
that were obtained for the early phase of an accident (Ist day).
These values depend on the time of emergency personnel entry
into the access-control area. Curve 1 shows the collective
dose to be received by personnel (3 persons) for 30 min
of operations on the restoration of the failed equipment and
decrease of the leakage rate. Curve 2 describes the collective
dose to the public due to release to the environment. Curve 3 is
the total collective dose to the public and personnel.

Emergency entry of 3 persons into the containment
to mitigate an emergency release on the 6th hour of an accident
will allow the lowest possible value of collective dose in the early
phase of the accident to be achieved — 6 man-mSv.

The results show that the optimum function of the collective
dose is not observed in all cases. In condition of stable
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Fig. 4. Collective doses to personnel and
public (hermetic containment)

atmosphere and light wind, nearby settlements with a high
population density may be exposed to the collective dose
by orders of magnitude greater than the predicted collective
dose for personnel. In this situation, the failure function
of collective dose will be disproportionately low in comparison
with the absolute values of doses. Minimization of radiation
exposure does not bring an expected effect.

The optimization principle with the collective dose criterion
can be applied for the following conditions:

compliance with the permissible leakage for the containment
(0,3 % of the containment volume per day for VVER-1000 [11])
with disabled ventilation;

controlled release
treatment filters;

timely implementation of urgent countermeasures to protect
the public;

unstable atmosphere conditions (stability categories from
A to C according to Pasquill classification [1]) and strong winds
(more than 4 m/sec);

low population density in areas surrounding the nuclear
power plant.

through ventilation systems using

Conclusions

In this research, the approach on application of the ALARA
principle to minimize the collective dose in NPP accident
management within the containment was developed. On example
of SB LOCA, it has been shown that such accidents can be
managed using the criteria of the total collective dose to personnel
and the public. A series of the calculations using different
computer tools for public dose evaluation (RODOS, MACCS,
HotSpot) were done, the obtained results are well correlated.
The limitation of the developed approach was identified.

The proposed ALARA principle of collective dose optimization
can be introduced into the emergency operating procedures,
accident management guidelines and emergency plans.
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