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Abstract. The release of radioactive contaminants in nuclear facility within and around facility
building could be caused by accident, faulty equipment, HEPA filter replacement or other causes.
This can be harmful to the humans. This paper introduces potential contaminant dispersion analysis
inside interim storage building for spent nuclear fuel in Serpong Indonesia. The simulation results
show that the generation of radioactive contaminant in ISSF can be safely reduce by VAC system.
The negative pressure design in ISSF can and avoid the spreading of contaminants into other rooms.
However in VAC off condition, the contaminant concentration could exceed the maximum allowed
limit. In the the existing building condition without VAC, there are relatively very small internal
overpressure that can lead air and also harmful radioactive contaminant to flow out into ambient.
However, if there are several leakages in building wall with different elevation, the risky
overpressure phenomenon may be possible.

Introduction

In nuclear facility, the radioactive contaminants might be released within and around facility
building. This contaminant dispersion can influence the indoor air quality and the occupant’s
(worker) health and safety. Such events could be caused by accident, faulty equipment or HEPA
filter replacement.

The investigated nuclear facility in this paper is the interim storage of spent nuclear fuel
building, located in Serpong, Indonesia. The spent nuclear fuel, which put in storage, is spent
nuclear fuel from nuclear research reactor in Serpong.

This paper introduces potential contaminant dispersion analysis inside interim storage building
for spent nuclear fuel in Serpong Indonesia. In normal condition there are three radioactive gaseous
contaminants, which could be released inside the interim storage building, i.e. Cs-137, 1-131 and
Xe-133. The contaminants dispersion scenario in this paper is on the conditions of HEPA filter
replacement and ventilation system malfunction caused by an electricity failure or other causes.

Related Work

The studies on indoor air quality are more in non-nuclear facility building. Yu et al. tried to
review the recent studies on indoor air quality control for human health [1]. Some researchers
focused studies on indoor pollutants in solid (particle) [2] and gaseous phases [3]. The next shown
group of topics in the study are control of contaminant sources [4], indoor air purification in form
of: filtration [5], adsorption [6], photo catalytic oxidation [7], negative air ions [8] and non-thermal
plasma [9].

In modelling and simulating as well with CFD on indoor air quality, there are several studies in
dispersion and concentration [10] of air contaminants such as radon/thoron [11], carbon dioxide
[12] and formaldehyde [13]. In addition to the modelling and simulation, it was also conducted
some optimization research of indoor climate conditioning [14].
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In nuclear area, Nicolas et al. investigated the wind influence on air contaminants in nominal,
damaged or accidental situations inside nuclear facilities buildings equipped with ventilation
systems [15].

Building Description

The interim storage for spent fuel (ISSF) building in Serpong consists of a storage pool area
and office space area. The office area is a three floor building with an elevation of each of 5 meters.
The storage pool area has a total height of 15 meters, which is equivalent to the height of three
floors in an office area. Fig. 1 shows the side plan of the building.

Fig. 1. Interim storage for spent fuel in Serpong — Building side plan

To control and isolate the radioactive contaminants which might be released, the ISSF building
in Serpong is equipped with supply and active extract ventilation system. To ensure the absence of
radioactive contaminants from return air, the ventilation system consists of only supply air and
exhaust air system. From air handling unit (AHU), the air is blown out through the air supply
diffuser towards all conditioned rooms in the ISSF. The air is subsequently flowed through an
exhaust fan to the HEPA filter bank (consisting of a pre-filter and HEPA filter) or to HEPA and
charcoal filters bank. Before transferring to a filter bank, the air is passed to the radioactive
detector. If radioactive contaminant is detected, the air is supplied to the HEPA and charcoal filter
bank, if there is no radioactive contamination, the air is passed to the HEPA filter bank. Whole air
coming out from the filter banks supplied to 30 meter high stack. There is no part of the air that is
sent back to the AHU. In other words, the percentage amount of return air is 0% and the exhaust air
is 100%.

Modelling Approach

The contaminant dispersion analysis in this study is performed using zonal codes, CONTAM
software. As research object is the interim storage for spent fuel 3-storey building in Serpong. The
building, which with VAC system equipped, is modeled using CONTAM as shown in Fig. 2.
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Fig. 2. ISSF multi zone and multi level computer model with CONTAM software

There are 35-flow paths in the model. The flow paths are leakages form closed doorways and
stairwells. Each storey/level is divided in several zones: 5 zones in basement, 10 zones in ground
floor and 14 zones in first floor. From totally 29 zones, 12 zones are equipped with VAC system.
As mentioned above, to ensure no spread of contaminants through contaminated return air, the
return air is 100% blown into 30m-chimney through special HEPA and charcoal filter. Filter room
and pool room, which have the potential to spread contaminant, are designed with 100£25 Pa
negative pressure. The ambient temperature is 30°C and the room temperatur is 20°C.

The methematical models that can be used to correlate airflow and pressure difference is the
power law model [16]. The general form of power law in volumetric flow form is:

Q=C (aP)" )
In mass flow form is:
F=C (aP)" )

which Q is volumetric flow in m*/s, F is mass flow in kg/s, C is flow coefficient in (m*/s)/Pa" for
volumetric flow and (kg/s)/Pa", n is flow exponent and AP is pressure difference in Pa.
The other model is one way flow using quadratic models [16]. The equations are:

AP = aQ + bQ? (3)
where, the coefficient a is in Pa.s/m® and b is in Pa.(s/m?)?
AP = aF + bF® (4)

where, the coefficient a is in Pa.s/kg and b is in Pa.(s/kg)?

Results and Discussion

Prior to the simulation analysis in the ISSF, as validation, it would be investigated the
congruence between experimental data value and the value from simulation. The data which to be
compared are the contaminant concentration at radioactive waste treatment installation (RWTI)
building after turning off and turning on the VAC system [17]. The RWTI building is located not
too far away from ISSF.

Fig. 3a shows tha the contaminant concentration values after stopping the VAC which obtained
from simulation relatively close to the experiment values. Almost the same results are also retrieved
on the decrease of radon concentration after reviving the VAC system, as shown in Fig. 3b. After 1
hour, the contaminant concentration falls to near zero.
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Fig. 3a. The increase of contaminant Fig. 3b. The decrease of contaminant concentration
concentration during VAC off — experiment and after turning on VAC — experiment and simulation
simulation results results

The possibility of radioactive contaminant dispersion inside ISSF building could be directly
from spent fuel and could be also from HEPA Filter replacement. During the HEPA replacement,
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the trapped radionuclide in HEPA could be spread inside the building. In this study, the radioactive
contaminant 1-131 is simulated to be spread at filter room in basement. Fig. 9 presents that the I-
131 concentration after two hours period is at relatively constant value of 0.45 BQ/m°. The VAC
system depress the contaminant concentration on the very low and safe value. The negative presure
in filter room lead also, that the contaminant do not spread into other rooms. It is seen from Fig. 4a,
that the contaminant concentration in Basement\Stairwell0a, Basement\StairwellOb and
Basement\Lift_O are zero. The contaminant concentration in all other rooms in ground- and first

floor from simulation result data are also zero.

40

| — 27: Basement'Filter_room
28: Basement'Stairwell0a
29: Basement'Stairweli(b

1131 concentration By

1131 concentration [Bg'm?)

31: BasementLift 0 " 25: Basement Filter_room
26: Basemant Stairwall0a
27: Basement' Stairwell0b
28: Basement'Near_stair0b
P — 29: Basement'Lift_0

SRS S N S S S S -
e i o w % 09 12 15 18 21 00 03

Tirma of Day ey
Time of Day

Fig. 4a. Contaminant concentration for a release in Fig. 4b. Contaminant concentration for a release in
the filter room at several rooms the filter room in VAC off condition

In the VAC off condition, the contaminant concentration is increases linearly as shown in Fig.
4b. After 1 day, the concentration reaches up to nearly 40 Bg/m®. If the contaminant spread still
generates, after 3 days the 1-131 concentration could be exceed the concentration limit by
Indonesian Nuclear Energy Regulatory Agency i.e. 100 Bg/m® [18]. 12 days. Furthermore the
concentration could be reached more than 450 Bg/m®, exceed the limit concentration in air by the
Derived Air Concentration (DAC) of 416.67 Bg/m>[19].

The VAC-turning off leads also the absence of negative pressure in filter room. With this
condition, the spread of contaminant into other neighbor rooms is possible. The contaminant
concentration in stairwellOa after 24 hour is 5.96E-05 Bg/m®. The contaminant spreads also into
Near_stairOb (Basement), Stairwelllb (Ground floor) and Glass_room (Ground floor) in relatively
small amounts. However, this small amounts of contaminant could be increase to a function of time.

Similar to the case in RWTI building, by VAC reviving the contaminant concentration
decrease rapidly in one hour VAC operation, and after two hour the concentration moves constant
at a value of 0.45 Bg/m°. This can be seen in Fig. 5.
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Fig. 5. Contaminant concentration after VAC system reviving

Support by @ Page 453

SAREK



I CS E RA 20 1 5 @R Proceeding of the 14th International Cog;rgg;elﬂggll‘ii(a?ligl_ilté K]uzisse;aér(;:fg

ISSN1411-1284

An important aspect in the VAC off period that needs to be investigated is the probability, that
the contaminant flow out outside building through orifices. Fig. 6a shows that if there are leakages
with different elevation in building wall, there is flow of air or contaminants from inside building
into ambient. This is of course may be harmful. The contaminant concentration is than no longer
rises linearly due the air flow out, as shown in Fig. 6b.
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Fig. 6a. Flow and pressure difference due to leakages or Fig. 6b. Contaminant concentration for a

orifices which have different elevation at VAC off release in the pool room in VAC off condition
condition and with leakages or orifices which have

different elevation

The airflow without mechanical ventilation (VAC) can occur due the temperature and flow
path elevation difference. This can be explained with the equations[20]:
The density change due to temperature.

p(T) = p(To) [1 = B (T ~To)], with B = 1273 (5)
CONTAM uses the following equation to calculate p[16]

p(T) =Po/(287.055 T) (6)

Pi=Po-p.g 71 )

The case from Fig. 6b can be simplified with the case in Fig. 7a. The room temperature is 20°C, the
air density is 1,204 kg/m?®, the ambient temperature is 30°C, the air density is than 1,164 kg/m®, the
elevation of orifice 1 is 0.5 m and 4 m for orifice 2.
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Fig. 7a. Modeling of airflow from ambient to room through orifices Fig. 7b. CONTAM simulation

for the case study

With the equations that have been written obove, it can be obteined the pressure difference at orifice
1 and orifice 2. Using mass conservation concept, F; in kg/s = F; in kg/s, it can then obtained the
airflow in orifice 1 AP; = -0.682 Pa, it means the airflow in orifice 2 is from room to ambient or
Pamb1 < Proom1. The airflow in orifice 2 is AP, = -0.682. It means Proom2 < Pampz Or the airflow in
orifice 2 is from ambient to room.
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Comparing simulation with CONTAM as shown in Fig. 7b, the above calculation have nearly
same values. The CONTAM simulation results show: The pressure difference in orifice 1 is 0.670
Pa with flow direction from room to ambient, and the pressure difference in orifice 2 is 0.693 Pa
with the opposite direction.

Conclusion

The simulation results show that in normal condition, the generation of radioactive
contaminant in ISSF can be safely overcome by VAC system. The sufficient air supply and the
negative pressure maintain to reduce the existing contaminant and avoid the spreading of
contaminants into other rooms.

In the case that there is contamination release and in VAC off condition, the contaminant
concentration could exceed the maximum allowed limit. After VAC reviving, it need minimum 1-2
hour time until the contaminant concentration move in constant very low value.

In the VAC off condition with small leakages from all existing doorways in ISSF, there are
relatively very small internal overpressure that can lead air and also radioactive contaminant to flow
out into ambient. However, if there are several leakages in building wall with different elevation,
the flow out of air and also radioactive contaminant in amounts which may be harmful may be
happen.
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