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ABSTRACT

During a hypothetical nuclear reactor accident with core damage the fission products released
from the degrading fuel bundles often pass through aqueous beds before entering the
containment, mitigating in part the source term. Several computer codes have been developed
for predicting the fission product and aerosols removal in pool scrubbing scenarios. In addition
to particle removal, these codes simulate the retention of some volatile iodine compounds.
Nonetheless, experimental data on the matter are rather scarce and further validation remains to
be done. In this work a review of volatile iodine removal models included in SPARC and
BUSCA codes is presented. Besides, the results and discussions of a validation of both codes
against the available experimental data are summarized.

SPARC and BUSCA codes modell the diffusion of iodine towards the bubble interface by using
the film penetration theory, which assumes a double layer gas-liquid at the interface. However
there are some differences between the two models, mainly related to the boundary conditions
in the aqueous volume for the diffusion of molecular iodine. In SPARC, a set of fast reactions
in the liquid phase control both the molecular iodine concentration in the pool and the partition
coefficient of iodine at the interface. Thus, the aqueous chemistry plays an important role in the
boundary conditions for the diffusion proccess. On the contrary, the BUSCA model has no
chemical considerations at all, and assumes a null iodine concentration in the water bulk.

Several sensitivity studies have been made in order to weigh the effect of these differences. The
variables examined in these studies were the pool temperature and the incoming iodine
concentration in the pool. Additionaly, sensitivity studies focused on the steam mass fraction of
the injected gas were performed to study the effect of the different approach of both models for
the condensation proccess. The results showed a different sensitivity of SPARC and BUSCA to
the incoming concentration. In SPARC, at low iodine concentrations in the pool (10"6 M) and
depending on the pH conditions the hydrolysis considerably reduces the concentration of iodine
in aqueous phase and also leads to an increase of the total partition coefficient at the interface,
predicting as a consequence a high decontamination factor. In the case of high incoming
concentrations (10"4 M), however, the amount of iodine remaining in equilibrium is substantial,
leading to a greater accumulation of iodine in the gaseous side of the interface and to a lower
decontamination factor. On the contrary, BUSCA predictions do not show any sensitivity to the
incoming concentration, due to the absence of chemical interactions in the water volume.
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In the literature survey the Diffey et al. experimental programme seemed to be the most suitable
to test the computer models. The SPARC results kept the experimental trend for both the small-
scale and large-scale experiments. BUSCA, however, limited to the cases for the large-scale
facility, was not able to predict it. However, given the uncertainties associated with the wide
range of iodine concentrations in the pool, the results are only qualitatively useful for code
validation.

Finally, the model review and the sensitivity analysis performed have underlined some
limitations in the SPARC and BUSCA models. Regarding the role of the aqueous iodine
chemistry, it is worth to mention the absence of any radiolytic reaction in the SPARC model, as
well as a quite simple pH determination in the scenario. These shortcomings suggest the coupling
of pool scrubbing codes with others of a chemical nature which will supply information on the
inventory of the species every time step, thus allowing most realistic boundary conditions for the
scenario. By the other way, the assumption of a null iodine concentration in the aqueous phase
in the BUSCA model has two implications: the absence of chemical reactions and the restriction
of the diffusion proccess to one direction. These limitations and differences in the models point
out the need of further research in order to a more accurate validation of the models and to
determine the role of the iodine aqueous chemistry in pool scrubbing scenarios.
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1. INTRODUCTION

The potential radiological impact of iodine makes it one of the most important fission products
in nuclear severe accident research. The interest in the study of iodine behaviour during
hypothetical accident conditions grew after the Three Mile Island (TMI) accident. As a
consequence, an effort in modelling the iodine behaviour both in the primary circuit and in the
containment building has been made during the last 20 years. Likewise other scenarios, the pool
scrubbing needed of an accurate modelling of the iodine removal in water pools.

The absorption of fission products and aerosols carried out by gas bubbles rising in a water
volume has been widely studied as a key factor for mitigating the source term. This process,
denoted as pool scrubbing, may often occur in several risk dominant accident sequences in both
PWR and BWR [1]. Several computer codes has been developed for predicting the removal of
fission products and aerosols in pool scrubbing scenarios. In this regard SPARC [2] and BUSCA
[3] codes are two of the most common pool scrubbing tools. Both codes, currently under
validation and development, predict the retention of aerosols and volatile iodine compounds in
a water pool by means of the decontamination factor (DF). The latter, is defined as the ratio of
the mass entering to the mass exiting the pool. The DF is conditioned by both the geometric and
the thennohydraulic conditions of the aqueous and injection system as well as the
physicochemical characteristics of the fission product released.

Regarding the volatile iodine compounds behaviour in pool scrubbing scenarios, there are two
global uncertainty areas to be considered. On the one hand, there are still uncertainties as regard
the chemistry of the primary circuit and the condensation processes [4,5], which would affect to
the physicochemical form of the iodine entering the water volume. The experimental measures
performed during the first test of the Phebus-FP (FPT-0) series indicated that most of the fission
products reached the containment as aerosols [6]. Nevertheless, it is thought that a few
percentage of the iodine would enter the containment in vapour phase [7]. Moreover, the
revaporization phenomena in the primary circuit would imply a delayed source term of fission
product vapours [8]. On the other hand, once the volatile iodine compound have entered the
water pool, the incoming concentration of iodine in the pool may change by the effect of several
chemical reactions. Consequently, the aqueous and radiolytical chemistry of iodine and its
associated uncertainties would play an important role regarding the boundary conditions for the
iodine removal processes in the pool.

An analysis of the volatile iodine removal models in SPARC and BUSCA codes has been made
to assess their modelling capability for such scenarios. In order to do so, a revision of the
experimental programmes on volatile iodine retention has been performed as well as sensitivity
studies and calculations against the experimental database. Despite the experimental data
available are scarce, the data from Diffey et al. [9] seemed to be the most suitable to test the
computer codes. Finally, a set of limitations in both models are presented.
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2. SUMMARY OF THE EXPERIMENTAL DATA

The different experimental programmes on the retention of iodine vapours have shown that the
decontamination factor depends on geometric and physicochemical parameters, on the species
of iodine injected and on the presence of certain impurities and chemical additives in the pool.
In Table 1 the main characteristics of the experimental programmes reviewed are summarized.

Table 1. Summary of the experimental programmes on iodine retention in water pools

Organization

PSI
(POSEIDON)

UKAEA

UKAEA

ORNL

ORNL (GE)

Author

S. Guntay

JJ. Hillary

H.R. Diffey

L.E. Standford
C.C. Webster

D.P. Siegwarth
M. Siegler

Ref.

10

11

9

12 13

14 15
16

Gas Injected

N2 Rate not available

Steam (kg/s): 0.3-.992
Air (kg/s): 0-3.311

% Air/Steam: 0.01-0.1

% Air: 0,2
Steam (kg/s): 0.025-

0.075

Air-Steam

Injector

Vertical
d: 0.5-9 mm

Vertical
d: 10 cm

Vertical
d: 3, 50 mm

Vertical
d: 1.72 cm

Vertical

Submergence
and

Temperature
(°C)

1-tm
T:21,40,60

61,30.5 cm
T: 10

6, 50 mm
T: 28, 50

1.22 m
T: 10-38

1-4 ft
T: 32.2-66.6

As shown mainly by the POSEIDON and ORNL (General Electric) experiments, the most
relevant geometric parameters are submergence and the diameter of the injector. Submergence
increases the residence time of the gas in the pool, and consequently the DF. Injection via small
orifices contributes to the formation of smaller bubbles, thus increasing the transfer surface area
andDF.

Especially outstanding among the physicochemical parameters are the steam fraction in the inlet
gas, the temperature of the pool and the mass of iodine injected, variables which are studied in
several of the experimental programmes shown in Table 1. The presence of sufficient steam in
the inlet gas for the thennohydraulic conditions in the pool to promote condensation contributes
to remove part of the iodine present inside the gas, as was concluded in the UKAEA (Hillary)
and UKAEA (Diffey) experiments. For its part, temperature has a complex influence, since it
affects diffusion, the partition coefficient, the chemical reactivity of iodine in the pool and under
favourable conditions, may promote evaporation inside the bubble. Therefore, the overall effect
of temperature on DF depends on the balance of all these processes. Finally, the chemical
reactivity of iodine in the aqueous phase, which depends to a large extent on the mass of iodine
present, may under certain conditions affect the retention of iodine in the pool. In this regard, the
UKAEA (Diffey) experiments concluded that the concentration of molecular iodine in the water
had an important influence on the DF. At low concentrations (<10"* M), an important fraction of
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the iodine suffered reactions with the water giving low volatility compounds and contributing
to increase the partition coefficient, and consequently DF. The role played by chemical additives
has not been widely explored. Nevertheless, mention might be made of the UKAEA (Diffey) and
ORNL experiments, which found that certain chemical additives in the pool might enhances
chemical reactions tending to decrease the volatility of the system, thus increasing the DF.

Among the experimental programmes shown in Table 1, a distinction may be made as regards
the ORNL experiments, which examined the transport of iodine dissolved in the pool by the
subsequent bubbling of a gaseous mixture. In all the tests it was found that the mass released to
the atmosphere was less than 1.8% of the mass injected.

Furthermore, the volatility of the iodine species injected has a considerable influence on DF, as
was shown by the UKAEA (Diffey) and ORNL (General Electric) programmes. CH3I is a highly
volatile compound and has a very low partition coefficient in the temperature range of 25-150
°C, as a result of which its retention by aqueous system is of low efficiency.

3. MODELS DESCRIPTION

The models for the retention of volatile compounds included in SPARC and BUSCA are based
on the theory of film penetration for the diffusion process [17]. Nevertheless, there exists some
differences between both models regarding mainly the boundary conditions in the aqueous phase
and the geometric shape of the bubble. Moreover, while BUSCA model is limited to molecular
iodine (I2), SPARC considers two species in the model: molecular iodine and methyl iodide
(CH3I).

3.1 SPARC

SPARC code assumes that the retention of iodine occurs in two different regions: at the outlet
of the injector and in the bubble rise zone.

In the injection region the gas injected is assumed to instantaneously reach the equilibrium with
the thermodynamic conditions of the pool; under enough steam at the inlet this may lead to
condensation and therefore, to the retention of part of the iodine released. The DF due to the
effect of early condensation is defined for each compound as the fractional loss in gas volume
caused by condensation at the temperature and pressure of the pool at vent depth, and is limited
by the species solubility at the interface leading to a different expressions for each compound,

x"
DF" = -ZL

1 \

• t q - r

where x,,,. and XnC
eq, are the noncondensible molar fractions at the inlet and in equilibrium with
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the pool, respectively; H, is the partition coefficient at the interface; p , T and p, are the pool
pressure, temperature and the gas density, respectively. Quantitative analysis of (1) shows that
early condensation DF for CH3I is very close to the unit. The effect of early condensation on the
retention of this compound is limited to a large degree by its high volatility, and hardly
contributes to the retention of CH3I.

In the bubble rise region it is assumed that only the fraction of gas associated with the bubble
contributes to the DF,

DF, = L— i=I2 , CH3J

where./- and^ are the fraction of gas in the globule and the bubble, respectively, and DFB' is the
decontamination factor of the bubble,

being t the residence time, dB the bubble diameter, and (fo the volumetric diffusion flow of each
compound,

where V, is the net diffusion velocity, 8 {a factor accounting for vaporization and S B the bubble
surface area. The overall diffusion rate is estimated on the basis of the theory of film penetration,
assuming a double layer (gas-liquid) at the interface and applying a correction factor to diffusion
rate in the gas phase to account for the fact that the concentration at the interface is not zero.

where Vg
l is the diffusion velocity of compound i across the gas in the bubble estimated from the

expression of the penetration theory and the numerator represents the difference between the
concentration of the compound i inside the bubble and at the gaseous side of the gas-liquid
interface, the latter is estimated on the assumption of mass conservation,

being H; the partition coefficient at the interface, [\\ cq the equilibrium concentration in the
aqueous bulk and V/ the diffusion velocity of compound i in the liquid.

The factor 8̂  which accounts for vaporization, may have an important influence on the DF and
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is related to the quotient of evaporation velocity versus overall diffusion velocity. Its value is
situated between 0 (if the rate of evaporation is five times that of diffusion) and 1 (when there
is no evaporation). If both rates (evaporation and diffusion) were strictly the same, the diffusion
flow would be only 20% of that which would exist under the same conditions in the absence of
evaporation.

As regards I2, SPARC considers that its concentration inside the water volume is that
corresponding to chemical equilibrium. In this respect the Eggleton model has been implemented
[18],

I2(g) "" /2M

72(0 + / " • * / , "

72(0 + H2O *• H * + r + HOI (7)

i2(i) + H2O ** H2or +r

H2O ** H* + OH'

By using the equilibrium constants for the above five reactions and the Eggleton model, the
partition coefficient is quantitatively defined by,

S _ (8)

being k, the equilibrium constant of the first reaction in (7).

There is, however, no chemical model for CH3I in the aqueous phase and the partition coefficient
is obtained in a simpler way using solubility and vapor pressure data [19],

Hrrfr = (9)
CHJI (138889/r + 6.461)

3.2 BUSCA

BUSCA code only includes I2 in its model, and the DF is given directly, depending on the
bubble shape, by:

SpheHcal Cap

(10)

DF = e 'rt Spherical Bubble
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where:

+ A
'EMt - —EM

= l--cos$ + i

(11)

/(<£>) = (£ + ICos$)1/2(l - cos$)

3

e
 + A

with t being the residence time, $ the bubble semiangle and He the Henry constant. The
equilibrium partition coefficient (i.e., the inverse of the Henry constant) is estimated by
interpolation with temperature, according the Max Furrer data [20].

While in SPARC thermodynamic equilibrium is asssumed to exist between the gas and the
pool, in BUSCA code the process of condensation is estimated throughout the total rise period.
Furthermore, BUSCA considers that the process of diffussion contains two different
contributions: diffusion via the curved surface of the cap and diffusion across the flat surface
of the base of the bubble. According this, (10) is the result of solving two coupled diffusion
equations, one for the flat surface and the other (convection diffusion equation) for the curved
surface. One of the most important keys in the BUSCA model is the boundary condition in the
aqueous phase for these two differential equations, which consist of assuming that the iodine
concentration in the liquid volume is everytime zero.

4. SENSITIVITY ANALYSIS

The initial conditions for sensitivity analysis correspond to the scenario of the LACE-Espana
experimental programme [21] (Table 2).



673

Table 2. Initial Conditions for Iodine Retention Sensitivity Analysis

Inlet gas temperature: 150 °C
Inlet gas pressure: 2.25 atm
Pool temperature: 25, 100 °C
Pool surface pressure: 1.973 atm
Pool volume: 3.53 m3

Volumetric inlet flow: 400 cc/s
Submergence: 200 cm
Inlet diameter: 1 cm
Injection time: 1 hour
Iodine rate: 9.8 10'7 mol/s, 9.8 10'5 mol/s
Airflow: 0.752 g/s (no steam), 0.226 g/s (air/steam)
Steam flow: 0.327 g/s

Table 3. SPARC and BUSCA Predictions for the Sensitivity Analysis

Case

SI
S2
S3
S4
S5
S6
S7
S8

S9
S10
Sl l
S12

Gas Injected

Air
Air
Air
Air

Air/Steam
Air/Steam
Air/Steam
Air/Steam

Air
Air

Air/Steam
Air/Steam

Species

h

CHI
3

T(°C)

100
100
25
25
100
100
25
25

100
25
100
25

Concentration
(M)

10-*
10"*
10"4

10"*
IO-4

IO-*
10^
IO-*

10"*
10^
10"*
10^

SPARC
DF

32.8
56796
550.9
3800
117.6

194150
1275.7
8803

1.4
4

1.6
6.2

BUSCA
DF

3371
3369
12970
12880
10540
10720
37600
39630

—

In the Table 3 the decontamination factors predicted by SPARC and BUSCA are shown for the
sensitivity analysis scenario. The SPARC results can be summarized as follows:

Given the temperature and the final concentration of molecular iodine in the pool, the DF
increases when there is enough steam present in the inlet gas to favour the condensation
process.

At high final concentration of I2 (10"4 M), the DF decreases with increasing temperature,
while at low concentrations (10"6 M), the behaviour is the reverse (i.e. the DF increases with
increasing temperature).

Given the proportion of air in the inlet gas and temperature, the DF increases at low final
concentration of I-,.
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In al the cases regarding CH3I the DF is particularly small and decreases with increasing
temperature.

The presence of steam in the inlet gas hardly affects the DF in those cases concerning CH3I.

The main observations resulting from BUSCA predictions are:

The DF increases by a factor of approximately 3 in the cases of air/steam injection, with
respect to the injection of air alone.

The final concentration of I2 has practically no influence on the predictions.

The DF decreases with increasing pool temperature.

Regarding the gas composition at the inlet, the SPARC predictions can be explained by the
assumption of thermodynamic equilibrium with the pool modelled in SPARC code. The initial
condensation has a series of implications in the DF. On the one hand, it removes part of the
molecular iodine present in the gas. On the other hand, the bubble diameter decreases as a result
of steam condensation, thus increasing the surface to volume ratio, and with it the DF. On the
contrary, in the cases of CH3I, the early condensation hardly affects the DF, and little variations
in the predictions are expected when the gas composition is changed and should be attributed
only to the effect of condensation on the bubble size.

The incoming concentration of I2 in the pool may play an important role on the SPARC
predictions. The chemical reactions formulated in the aqueous phase may alter the boundary
conditions for the diffusion. Among these reactions, attention may be brought to hydrolysis,
which, under certain conditions of pH, concentration and temperature, is capable of transforming
a large part of the I2 into non-volatile species. In the case of low concentration, hydrolysis
considerable reduces the iodine concentration in the aqueous phase and also leads to an increase
in the partition coefficient at the interface. This leads to a large reduction of the concentration
on the gaseous side of the interface, which turn leads to a higer DF. With increasing pool
temperature, the efficiency of the hydrolysis increases and its effect becomes more important.
Nevertheless, the hydrolysis effect is quite dependent on the incoming concentration and at
higher concentrations the result is the reverse, that is, with incresing temperature the less
efficiency of hydrolysis cannot counteract the reduction of the partition coefficient by the
temperature. Finally, as regards CH3I, SPARC does not model any chemical reaction and its
partition coefficient is very low (reflecting its high volatility) causing very low predictions of
theDF.

The BUSCA code estimates steam condensation throughout the entire rise stage, the effect of
which leads to an increse in the DF. In addition, the simplicity of the boundary conditions
imposed (i.e. the iodine concentration vanishes in the bulk of the aqueous phase) leads to
predictions not depending on concentration. Finally, the increase in temperature leads to a
reduction of the partition coefficient regulating mass transport across the interface, and
consequently to a reduction in the DF.
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5. MODEL ASSESSMENT

The UKAEA (Diffey) experimental programme has been used by different authors to evaluate
models. The experimental data from the small-scale facility have served for the partial
assessment of the iodine retention model in SPARC code [22], although the results do not
explicitly figure in the reference documentation. Likewise, in evaluation of the SUPRA model,
the small-scale facility experimental data for CH3I were used [23]. In these experiments, I2 and
CH3I retention tests were performed using two experimental facilities. In view of the
differences in temperature, and certain geometric parameters, between the test carried out in
each facility, a calculation matrix has been developed including the experiments for both
installations, in order to increase to the extent possible the range of conditions to be evaluated.
This calculation matrix required two asumptions: in the large-scale facility measures were
taken in a time interval of 20-60 minutes, since injection time was not available, this was
assumed to last 60 minutes. The data on mass of iodine injected were obtained indirectly on
the basis of the range of final concentrations in the pool; in view of the amplitude of this
range, the bounding values were included in the matrix. Table 4 shows the calculation matrix
for evaluation of the models.

Table 4. Calculation Matrix for Iodine Retention Model Assessment

SMALL-SCALE FACILITY
Injection time 30 minutes

Species

% air/steam

Final concentration
of iodine in the

pool (M)

1 10

Low
4.0 10"*- 1.6 10"6

High
2.5 10^- 1.6 10-4

CH3I

1 10

5.0 10"9 -4.0 10"6

LARGE-SCALE FACILITY
Injection time 60 minutes

Species

% air/steam

Final concentration
of iodine in the

pool (M)

k
1 10

Low High
4.0 10-8-1.6 10"* 2.5 10*-1.6 104

Table 5 shows the DF predicted by SPARC and BUSCA compared with the experimental
results for each of the cases in the calculation matrix. The experimental data shown in Table
5 represent experimental measures of the DF for a given concentration of iodine in the pool,
this being a somewhat intermediate value in the range of concentrations analyzed. The absence
of data on the exact value of iodine concentration corresponding to each measurement led to
the preparation of two cases for each point in the experiment, corresponding to the two
bounding values of the given iodine concentration.
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Table 5. SPARC and BUSCA Results vs the Experimental Data from UKAEA (Diffey)

Case

S-l

S-2

S-3

S ^

S-5

S-6

L-l

L-2

Species

h

h

\

CH3I

CH3I

\

\

%
air/steam

1

10

1

10

1

10

10

10

[IJ (M)

4.0 10*

1.6 lO*

4.0 10*

1.6 10-*

2.5 10"6

1.6 10-4

2.5 10"6

1.6 10*

5.0 10-9

4.0 10*

5.0 10"9

4.0 10^

4.0 lO"8

1.6 10*

2.5 10"*

1.6 lO"4

T(°C)

28

28

28

28

28

28

50

50

SPARC
DF

516.4

375.6

53.3

39.0

351.7

277.0

36.5

28.8

1.07

1.07

1.067

1.067

3691.8

35.6

18.2

2.7

BUSCAt

DF

-

-

-

-

-

-

729.6

731.0

731.1

786.9

DF^p

2120

232

390

29

3.72

1.59

9O8/I695n

11

f The results of the BUSCA code are limited to the cases for the Large-Scale facility, since there
exists a lower limit of 0.25 m for submergence in the code.

n The two values represent two intennediate experimental points in the concentration range, probably
measured at different iodine concentrations in the pool.

The decontamination factor of I2 estimated by SPARC shows the same trend as the
experimental data from the small-scale and the large-scale facilities. That is, a decrease in
about an order of magnitude with increasing proportion of air in the inlet gas, and increasing
in the case of low concentrations. As regards CH3I, the decontamination factor predicted is
practically independent of the concentration, and it is very close to the unity.

Concerning to the large-scale facility, SPARC also shows a good agreement with the
experimental tendency (i.e. DF is greater in the cases of low iodine concentration). On the
contrary, BUSCA predicts a practically constant DF with the concentration, but shows good
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agreement in the case of low concentration.

Despite the uncertainties associated with the wide range of iodine concentrations in the pool,
both predictions can be qualitatively compared and rationalized. In SPARC, the chemical
reactions formulated in the aqueous phase affect both the iodine concentration in the pool and
the partition coefficient at the interface, as a result of which its predictions are highly sensitive
to the incoming concentration (i.e. to the mass of iodine injected). BUSCA, on the other hand,
assumes the concentration of iodine in the pool to be zero and does not consider any chemistry
in the auqeous phase; in consequence, it predicts a high DF regardless of the mass injected.

6. LIMITATIONS OF THE MODELS

The assumptions and hypotheses on which the volatile iodine retention models are based in
SPARC and BUSCA codes are responsible for the accuracy of the estimates performed.
However, this is even more important as regards the effect of their capacity to simulate expected
accident situations. Certain limitations of the SPARC and BUSCA models are presented below,
and they are related to the application to other scenarios different from those analyzed in the
previous sections.

In several dominant risk sequences, such as SGTR in pressurized water reactors or ATWS and
SBO in boiling water reactors, a gas flow would pass through the pool after retention of a
fraction of the more volatile fission products (i.e., iodine, cesium, telerium) has occurred. The
resulting gamma radiation field allows a part of the iodine present to oxidize to molecular
iodine, as well as to induce changes in pH. Futhermore, the ingress of a multitude of
compounds of varying origin implies large uncertainties as regards pH of the pool, this being
a determining factor for the inventory of molecular iodine in the aqueous phase. The
importance of this scenario is related to its potential for increasing the source term. Gas
bubbling in a contaminated pool increases the surface area for liquid to gas transport and
therefore, might lead to a reduction in the efficiency of the aqueous bed as a final sink.

BUSCA code does not comtemplate this situation. Implementation of the I2 diffusion model
from the bubble assumes that the iodine vanishes when is transferred to the bulk of the aqueous
phase. This boundary condition prevents the modelling of the "reverse diffusion" phenomenon
(i.e., transport of iodine from the liquid to the bubble inside). SPARC code, on the other hand,
is not limited to single-direction gas-liquid diffusion, allowing thus I2 to accumulate inside the
bubble at expense of the transfer occurring in the liquid. However, SPARC ignores two
important facts: the effect of radiation on the total dissolved mass and the presence of other
factors other than the chemical transformation of I2 or the presence of CsOH and RbOH as pH
conditioning factors. Consequently, and in spite of its having a wider scope than BUSCA, it
is to be expected that its predictions in the modellization of certain scenarios would be
inaccurate and not necessarily conservative.

It is important to underline the fact that the two limitations indicated above regarding radiolytic
chemistry and pH extend beyond the scenario described. Thus, even in the case of the mass
of iodine entering in the aqueous bed doing this in th form of iodide, the radiation would be
capable of generating molecular iodine susceptible to being transferred to the gas phase.

This revoiatilization takes place both in the presence and the absence of late bubbling through
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the pool [24]. In addition, the pH influences both the radiolitic reactions and the thermal
reactions [25] (i.e., I2 hydrolysis). That is to say that it is an essential condition for an
acceptable approach to be achieved with respect to the boundary conditions governing the
retention of iodine species in aqueous volumes.

Due to its not including any chemical model, the BUSCA code is equally affected by these
limitations. To these should be added the fact that species other than I2, for example organic
iodides, are not considered.

The critical analysis performed underlines the importance of the following: simulation vapour
diffusion as a reversible process and achievement of suitable modelling of the chemistry of the
sink. As regards the reactivity of the iodine in the aqueous phase, two alternatives are
established: providing the pool retention codes with a complete model capable of evaluating
variables such as pH, or coupling of these tools with others of a chemical nature which will
supply information on the inventory of the species at each moment in time. In the opinion of
the authors, the last of these options is the best since, as well as avoiding the complications
involved in implementing an overall model of the chemistry of iodine in the current tools, it
would allow consideration to be given to the most realistic boundary conditions for species
such as organic iodides [26].
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7. CONCLUSIONS

The accurate modelling of the retention of volatile iodine in water pools and of the iodine
chemistry effects in these scenarios may be important in the source term quantification. The main
conclusions of this work are the following:

- The different experimental programmes concerning the retention of volatile iodine compounds
in water pools have shown the influence of certain geometric and physicochemical parameters.
The role played by hydrolysis reaction regarding the decontamination factor has shown that
the aqueous concentration of iodine and the pH may be influencing parameters, and that the
aqueous chemistry of iodine may be an important boundary condition in the pool scrubbing
processes for volatile iodine.

- Both SPARC and BUSCA model the retention of volatile iodine compounds on the basis of
the penetration theory of diffusion. Despite the similarity in the two models, there exist some
differences mainly focused on the boundary conditions in the aqueous phase and in the species
involved in the models. Thus, in SPARC both molecular iodine and methyl iodide are
considered as well as an approach to the aqueous chemistry of iodine is included. BUSCA
only deals with molecular iodine and does not have any chemical model.

- The sensitivity analysis performed for the both models has shown that the different sensitivity
of SPARC and BUSCA codes is due to the differences regarding the chemistry between both
models.

- Despite the uncertainties associated with the Diffey experimental data the results of SPARC
and BUSCA have been qualitatively compared and rationalized. The SPARC results showed
a good agreement with the experimental trend. On the contrary, the BUSCA predictions were
not influenced by the iodine concentration in the pool. In consequence, the aqueous chemistry
model included in SPARC makes it more suitable to the modelling of the pool scrubbing
phenomena for volatile iodine.

- The accurate modelling of the retention of volatile iodine compounds should be acomplished
with an accurate prediction of the pH and with the inclusion of the gamma radiation field
effects, since the importance of these parameters in the chemistry of iodine under accident
conditions. This fact suggests that the volatile iodine retention models might be coupled with
chemical models capable of predicting the inventory of iodine species at each moment in time.
This would lead to the establishment of more realistic boundary conditions in the process of
iodine diffusion.

The conclusions presented above may be related with some scenarios where the uncertainties in
the models reinforced the need of a further research. One of this consist of the injection of a
mixture of steam and noncondensible gas when the pool has an important concentration of
molecular iodine produced mainly by chemical transformations during the stages after the
injection. In such scenario, the initial iodide captured by the pool may have changed to volatile
compounds by effect of gamma radiation and the subsequent bubbling may promote the
transport of molecular iodine to the atmosphere.
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