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EXPERIMENTAL STUDY OF AEROSOL REENTRAINMENT
FROM FLASHING POOL IN ALPHA PROGRAM

T. Kudo, N. Yamano, K. Moriyama, Y. Maruyama and J. Sugimoto

ABSTRACT

Aerosol reentrainment experiments are being performed as a part of the ALPHA (Assessment
of Loads and Performance of Containment in a Hypothetical Accident) program at JAERI
(Japan Atomic Energy Research Institute). The major objective of the experiments is to quantify
and characterize the reentrainment of the dissolved material from a flashing pool during the
rapid depressurization of a reactor containment vessel. Two experiments were performed. In
the experiments a water pool dissolving sodium sulfate as FP simulant was located in the
model containment vessel and the containment breach area was simulated with an orifice with
24 mm diameter. This orifice was estimated to give the same order of depressurization rate as
the case of BWR Mark I containment failure with most likely breach size. In the first experiment
ARE001, a pool water of 800 kg dissolving 50 kg of sodium sulfate was employed. The model
containment was depressurized from 1.5 MPa to 0.1 MPa in approximately 45 minutes. In the
second experiment ARE002, the mass of the pool water was reduced to 400 kg dissolving 25
kg of sodium sulfate. The internal pressure of the containment was decreased from 1.3 MPa to
0.1 MPa in approximately 40 minutes. At the beginning of the depressurization, the pool water
was heated to the saturation temperature at the internal pressure of the containment. The
entrained droplets were sampled during depressurization period. Sodium sulfate deposited in
all parts of the test facility was collected and weighed after the experiments. Results of the
experiments showed that very small fraction of the dissolved material (less than 0.03%) was
reentrained although approximately 20 % of water was evaporated from the pool water. The
reentrained mass predicted with the Kataoka-Ishii model was approximately 1/10 of the mass
evaluated in the experiments. This may be due to multi-dimensional features of the pool
geometry.
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1. INTRODUCTION

During a severe accident of a light water reactor (LWR), fission products (FPs) released from
the degraded core within a reactor pressure vessel will be transported into a containment vessel.
FPs will also be released in the containment vessel from the molten core interacting with
concrete basemat. It is considered that water pools in the containment such as the sump water
of a pressurized water reactor (PWR) and the suppression pool of a boiling water reactor
(BWR) accumulate radioactive materials by dissolving the FPs. In the course of the severe
accident, the internal pressure of the containment will be increased gradually due to the elevated
temperature and/or accumulation of steam and noncondensable gases. Furthermore, energetic
events such as direct containment heating, burning of combustible gases and steam explosion
may cause the rapid pressurization of the containment vessel. If the containment vessel fails
due to overpressurization or that is vented intentionally, inside of the containment will be
depressurized. It is estimated that the water pools in the containment would be heated at the
near saturated temperature by the mixing of the steam condensate and/or FP decay heat in the
pool. Therefore the water pool will be superheated and begin to boil in the course of the
depressurization. If the containment breach is large, the depressurization rate is fast and the
water pool boils violently. Dissolved materials will be entrained from the flashing pool and
become airborne in the form of aerosol particles. Since these aerosol particles will be released
to the environment with the leaking gases, it is important to quantify the entrained materials to
evaluate the source term of the accident.

A series of experiments were performed in the LWR Aerosol Containment Experiments (LACE)
program15 to investigate aerosol behavior in the containment during an LWR severe accident.
Two tests of the LACE program, LA5 and LA6, studied reentrainment of aerosol from a
flashing pool during rapid depressurization.2' A water pool of approximately 5 m3 containing
lithium sulfate (Li2SO4) as soluble material and zinc oxide (ZnO) as insoluble material was
located in 852 m CSTF vessel. The CSTF vessel was pressurized to 0.45 MPa and depressurized
to the atmospheric pressure within approximately 70 seconds in the both tests. The results
showed that the entrainment of lithium sulfate was very small and zinc oxide was not detected
in the CSTF atmosphere.

The LA5 and LA6 tests provided valuable data to evaluate aerosol reentrainment behavior and
thermal-hydraulic aspects in the containment during rapid depressurization. However the both
experiments provided the data for the quite limited experimental condition and extended database
is required to validate the models and evaluate accidental situations. Therefore a series of
experiments named aerosol reentrainment experiments have been initiated in the ALPHA program
to study entrainment of the dissolved material from the flashing pool by varying several
parameters such as depressurization rate, water depth and initial containment pressure. In the
first two experiments, the model containment was pressurized using mixture of steam and
nitrogen up to 1.5 MPa and 1.3 MPa, respectively, and the pool water was heated to the
saturated temperature at the pressure. By opening a valve rapidly, the gas in the containment
was released through a 24 mm diameter orifice which simulated the containment breach. The
orifice diameter simulated relatively small breach area which was same order of the most likely
leak area evaluated by the Containment Performance Working Group (CPWG).3) The
depressurization rate was much smaller than the LA5 and LA6 experiments. The findings from
the first two experiments of the aerosol reentrainment experiments are summarized in this
paper. The results were compared with prediction by an entrainment model.



2. DESCRIPTION OF EXPERIMENTS

2.1 Experimental Apparatus

The conceptual diagram of the aerosol reentrainment experiments is shown in Fig . 1. The
model containment vessel which has an inner diameter of 3.9 m, a height of 5.7 m and an inner
volume of 50 m3 was used to simulate the containment vessel of nuclear power plants (NPPs).
A one meter diameter and 2 m deep steel water pool was installed in the model containment
vessel. A grating floor in the model containment was chosen as zero level in elevation and the
top of the steel water pool was located at 2.45 m.

1 Steam Generator

Hot Water

Atmosphere Sampling ri- steam
System ' L 1

Depressurization System

.JVall Condensate
.Collector

f£i
Condensation

Tank

Superheater
Steam N 2 Supply Syslem

Fig. 1 Schematic Diagram of Aerosol Reentrainment Experiments

Depressurization system consisted of a discharge pipe, an orifice with 24 mm diameter, a valve
and a condensation tank. The discharge pipe was connected to a 20 cm diameter nozzle of the
model containment located at 2.7 m in elevation. By opening the valve, the internal gases of the
containment were released through the orifice and led to the condensation tank. The orifice was
used to simulate a breach area of the containment vessel of NPPs. The CPWG reviewed six
different types of containment vessels used in the US NPPs and identified the most likely
breach size for each containment.3) It was estimated that BWR Mark I containment (Peach
Bottom was chosen as a reference plant in the review) had the fastest depressurization rate
among the six containments when each containment had the most likely breach area. By
considering the volume ratio of the Peach Bottom containment to the ALPHA model containment,
the corresponding breach area of the ALPHA model containment was quantified so as to have
the same depressurization rate as the Peach Bottom containment. The orifice diameter to give
the breach area was 13 mm. However, a preliminary experiment using 12 mm dia. orifice
showed that the entrained aerosols were too small for reliable measurement. Therefore the
orifice diameter was increased to 24 mm in the present experiments.

The containment atmosphere was sampled before and after the depressurization period. By
measuring flow rate of aspired gases after condensing steam content, the volume fraction of
steam and nitrogen of the atmosphere was calculated. Two wall condensate collectors were
located at the inside wall of the containment to measure steam condensate flux. Entrained
aerosol droplets were sampled with cascade impactors.

Locations of thermocouples and pressure transducer in the model containment are presented in
Fig. 2. Pressure history in the containment atmosphere was measured using a strain gauge
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type pressure transducer. Temperature
distribution in the containment was measured
by 15 pairs of 1.6 mm diameter Type-K
thermocouple and a 3.2 mm diameter Type-K
thermocouple (TE-101). Differential pressure
transducers were employed for monitoring the
collapsed level of the pool water and steam
condensate level accumulated at the bottom of
the model containment. Time histories of the
temperature distribution, the pressure and the
differential pressure were recorded by the data
logging system. Sampling frequency was 1 HzDeP ressur iza t ion System
dri h rii rid d 0 H Vduring the depressurization period, and 0.1 Hz
during preparatory phase to establish the initial
condition and cooling down period after the
aerosol samplings were completed.
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Instrumentations for aerosol droplets are shown
in Fig. 3 . Entrained droplets were sampled
using Andersen type eight stage cascade
impactors. To avoid steam condensation inside
the cascade impactors, they were located in the
heater boxes inside the model containment and
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the containment atmosphere. Five deposition
dishes which have 78.5 cm2 cross section and
2.2 cm deep were used to collect samples of the
settled aerosols. Two of them were located on
the heater boxes and the rest were located on the
grating floor.

2.2. Experimental Conditions and Procedures

At the beginning of the experiments, condensed
solution of sodium sulfate was installed in the
water pool. The containment was heated and
pressurized by supplying superheated steam and
nitrogen gas. Some of the steam condensate was
mixed with the pool water and diluted the
solution. After the initial experimental conditions
were established for the containment atmosphere,
hot water was supplied from the steam generator
to adjust the depth and the temperature of the
pool to the initial experimental conditions. By
opening the valve which connected the
depressurization system to the containment, the
depressurization was initiated.

The conditions of the containment atmosphere
and the pool water at the start of the
depressurization are summarized in Table 1.
The major differences between the two
experiments were the quantity (depth) of the pool water and mass of sodium sulfate dissolved
in the water. However, concentration of sodium sulfate was approximately 6.25 mass % for
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Fig. 3 Instrumentations for Aerosol
Measurement



Table 1 Summary of Initial Experimental Conditions

Containment Atmosphere
Pressure
Temperature
Volume Ratio of Steam to N2

Water Pool
Liquid Depth
Surface Area
MassofNa2SO4

Liquid Temperature
Depressurization System

Orifice Diameter

ARE001

1.5MPa
471K
4 : 1

1.0m
0.785m2

50kg
473K

24mm

ARE002

1.3MPa
466K

5.7: 1

0.5m
0.785m2

25kg
467K

24mm

the both experiments. The
purpose of decreasing the water
quantity in ARE002 was to
reduce the depressurization rate
by decreasing steam supply
from the pool. Initial pressure
and the volume ratio of steam
to nitrogen in the containment
were also different.

The airborne droplets were
sampled using the cascade
impactors once in AREOOl and
three times in ARE002 during
the experiments. Sampling
periods are presented in Fig.
4 which shows pressure
history in the containment.
Since it was anticipated that the airborne mass concentration was very small, the sampling
periods were set to be 20 minutes except the first sampling in ARE002 whose sampling period
was 5 minutes. During the sampling period volume flow rate of aspiration gases should be
maintained constant in the cascade impactor. In the present experiments, mass flow rate of
nitrogen in the sampling gas was controlled to maintain constant by the mass flow controller
located after the steam condenser (see
Fig. 1) . Therefore the volume flow rate
in the cascade impactors was influenced
by the condition of the containment
atmosphere such as temperature,
pressure and volume ratio of steam to
nitrogen. In the first sampling in
ARE002, it was not possible to avoid
change in the containment atmosphere
condition. In all other sampling, the effect
of change in the containment atmosphere
was estimated to be slight.
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After the experiments, membrane filters
of the each stages of the cascade
impactors were washed with pure water
to dissolve sodium sulfate. The
concentration of sodium ion in the water
was measured with an ion
chromatograph, and the total amount of
the sodium sulfate was calculated from
the water volume. All components of
the test facility were cleaned with water
after the experiments. Samples taken
from the cleanup water as well as samplesFig. 4
of steam condensate were analyzed for
sodium ion, and the amount of sodium
sulfate deposited in the each components of the test facility was calculated.
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3. EXPERIMENTAL RESULTS AND DISCUSSIONS



3.1 Thermal-Hydraulics in Model Containment Vessel
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(1) Pressure
Figure 4 shows the pressure histories in the containment for the both experiments. The
containment vessel was depressurized from 1.5 MPato the atmospheric pressure for approximately
45 minutes in ARE001. In ARE002 it was depressurized from 1.3 MPa to 0.1 MPa in
approximately 40 minutes. Since it took 44 minutes for depressurization from 1.3 MPa to 0.1
MPa in ARE001, the depressurization rate was higher in ARE002. However the difference was
not so large, since the difference in the amount of steam generated during the depressurization
was much smaller than the steam existed in the containment prior to the depressurization.

(2) Temperature
Temperature histories of the containment atmosphere, the pool water and the inner surface of
the containment wall in ARE002 are presented in Fig. 5. Thermal stratification was found in
the containment before the depressurization. This can be attributed to the fact that nitrogen at
the room temperature was introduced
to the containment through nozzles
located at near the bottom. It was found
that the temperatures in the atmosphere
decreased at the beginning of the
depressurization. Later rapid increase 2
followed by gradual increase was IT
found. The reason for the phenomenon |
is not clear, but the temperature S.
decrease at the beginning of the I
depressurization can be explained by
expansion of the atmosphere. The
rapid increase in the temperature may
be caused by that the high temperature
steam generated in the pool reached --- o 2000 4000
to the thermocouple locations. The fact Time (s)
that the rapid temperature increase was Fig. 5 Temperature Histories of Containment
observed from the upper to the lower Atmosphere, Pool Water and Inner Surface
part of the containment implies the gas o f Containment Wall in ARE002
flow inside the containment. Since
temperature measured by the two thermocouples, TE-101 and TE-171 approached to the wall
temperature, gradual temperature increase was caused by heat transfer from the wall. This
complicated temperature behavior should be analyzed by considering internal flow of the
containment. An analytical approach employing a multi-dimensional computer code will be
required. The pool water temperature was approximately 2 K higher than the saturated temperature
of pure water at the surrounding pressure throughout the depressurization. This discrepancy
was within the measuremental uncertainty. It may be also attributed to increase in the boiling
point of water by the solute effect.

(3) Mass of pool water
During the depressurization, the mass of the water was reduced from 800 kg to 646 kg and
from 400 kg to 320 kg in ARE001 and ARE002, respectively. Fraction of the lost water was
approximately 20 % in the both experiments. Simple enthalpy calculation assuming that the
water pool contained pure water predicted that 139 kg and 82 kg of water would evaporate in
ARE001 and ARE002, respectively. They are in good agreement with decrease in water
measured in the experiment, 154 kg in ARE001 and 80 kg in ARE002. This agreement implies
that loss of the pool water was caused by the evaporation. Since large amount of water was
evaporated during the depressurization, the volume ratio of steam to nitrogen in the containment
vessel was increased during the depressurization from 4 to 14 and from 5.7 to 15 in ARE001

300
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and ARE002, respectively. It should be noted that the volume ratio of steam to nitrogen was
calculated with an assumption of uniform mixing in the containment.

3.2 Aerosol Characteristics

(1) Mass concentration of airborne sodium sulfate
Mass concentration of airborne sodium sulfate was calculated for each sampling period from
the total amount of sodium sulfate deposited in the cascade impactor and the total volume of the
sampled gases. It was assumed that the sampling condition was steady throughout the sampling
period. The results are summarized in Table 2 . Since the containment atmosphere condition
varied significantly during the first sampling in ARE002, estimated mass concentration for the
sampling period includes large uncertainty. The change in mass concentration between rapid

Table 2 Airborne Sodium Sulfate Concentration in Containment Atmosphere

Sodium Sulfate Concentration (mg/ra •*)

During rapid
depressurization

During slow
depressurization

After completion of
depressurization

ARE001

ARE002 2 3 1 + 1 5 1

-110

1 6 + 0-4
1 0 -0.3

6 2 + 2-5
b-Z -1.8

i o n +4.412-u -3.0

depressurization period and after depressurization can be understood by the loss of airborne
particles due to release out of the containment and deposition in the containment.

ARE001 ARE002 First Sampling

10 10
Aerodynamic Diameter, Dp a (um)

(2) Size distribution of airborne aerosols
The size distribution of the airborne droplets
in the model containment vessel was
measured by cascade impactors. The steady
sampling condition throughout the sampling
period was assumed for the data reduction.
The calculated droplets size distribution is
shown in Fig . 6. Since the atmospheric
condition varied largely during the first
sampling in ARE002, cut-off diameters for
the each stage in the impactor was estimated
to drift during the sampling period.
Therefore the calculated size distribution is
less reliable than other cases. The figure n
shows that the size distribution function ofo"0-3

the entrained droplets had two peaks at;§
submicron region and between 2 and 4 ^
micrometers. The reason for the peaks is
not clear but it is estimated that there were
two or more mechanisms to generate
droplets. . . _. _ , 4

r Aerodynamic Diameter, Dpa (urn)

(3) Settled aerosol mass F i9- 6 S i z e Distribution of Airborne Droplets
Gravitationally settled aerosol was sampled with the deposition dishes as shown in Fig . 3 and

° 4
ARE002 Second Sampling ARE002 Third Sampling

10



the mass of sodium sulfate in each dishesTab |e 3 collected Mass of Sodium Sulfate with
Deposition Disheswere measured from the analysis with the

ion chromatograph. Table 3 shows the
evaluated mass of sodium sulfate settled
in each dishes. The results showed rather
uniform deposition in all the dishes except
the dish No.l in ARE001, which implies
uniform distribution of the entrained
droplets in the containment atmosphere.
The reason for the large discrepancy
between the No.l dish and the others in
ARE001 is not well understood, but it was possible that larger drop including several entrained
droplets dripped into the No.l dish from the ceiling of the containment.

(4) Mass distribution of sodium sulfate

No.l
No.2
No.3
No.4
No.5

Collected
ARE001

10.4 + 0.83
2.3 + 0.18
2.6 + 0.21
3.5 + 0.28
2.7 + 0.22

Mass (mg)
ARE002

2.6 + 0.21
1.5 + 0.12
3.7 + 0.30
2.8 + 0.22
1.8 + 0.14

After the experiments, all
components of the test facility
was cleaned with pure water and
deposited sodium sulfate was
recovered. Figure 7 shows the
mass distribution of sodium
sulfate in the test facility in the
experiments. The total amounts
of recovered sodium sulfate
were approximately 0.02% and
0.03% of the initial inventories
in the pool water in ARE001
and ARE002, respectively.
These fractions were
remarkably small if the fact that
approximately 20% of the water
in the pool was evaporated is
taken into account.

Containment Vessel
ARE001 :6.66g
ARE002:5.03e

Depressurization
System

ARE001:195mg
ARE002: 13mg

Condensation
Tank

ARE001:2.41g
ARE002: 1.87g

Fig. 7 Mass Distribution of Sodium Sulfate
after Experiments

It should be noted that these experiments simulate the breach area whose size is the same order
of the most likely breach area of BWR Mark I containment by scaling the containment volume
and the containment breach size. The results indicate that amounts of entrained aerosols including
FPs dissolved in water pool will be significantly small in the most likely BWR containment
failure case. However entrainment phenomena may be influenced by various parameters such
as properties of dissolved materials and the location of breach area. Moreover much larger
depressurization rate may be realized in accidents. Therefore further studies are required.

4. PREDICTION OF ENTRAINMENT

The mass of droplets entrained from the water pool was evaluated using the model developed
by Kataoka and Ishii.4) Kataoka and Ishii derived mechanistically the model to predict mass
flux and size distribution of droplets entrained from a flashing pool. They classified the space
above the pool into three regions named "near surface region", "momentum controlled region"
and "deposition controlled region" according to the height from the pool surface. In the near
surface region, entrainment consists of all the entrained droplets from the pool surface. In the
momentum controlled region, entrainment consists of either droplets which obtain momentum
at the pool surface large enough to reach the height or droplets whose settling velocity is
smaller than the upward gas flow. Entrainment is expressed by three different correlations



according to gas flow velocity at the pool surface. These correlations correspond to three
different flow regimes in the pool, namely bubbly flow, churn-turbulent flow, and annular
pseudo-jet or fountain flow, respectively. In the deposition controlled region entrainment consists
of droplets whose settling velocity is less than upward gas flow. Entrainment decreases with
height due to deposition of the droplets to wall surface of a container.

In the present analysis, it was assumed that all droplets reached at the upper end of the steel
water pool became airborne in the containment and some of them were released out of the
containment. It was found that the upper end of the steel water pool was located in the
deposition controlled region. However, the correlation for the deposition controlled region was
not applied. The correlation includes the effect of deposition on the entrained mass defined by
fitting with experimental data. However deposition of the droplets is strongly dependent on the
experimental geometry and it should be treated
for each geometry. In the present analysis the
deposition of the droplets was neglected and
the entrainment at the boundary between the
momentum controlled region and the deposition
controlled region was used as the entrainment
in the containment. In other words it was
assumed that all of entrained droplets whose
settling velocity was less than the steam flow
were distributed in the containment without loss
in the steel water pool container.

0.05

Steam generation rate was calculated with the
measured containment pressure history by
assuming that the pool contained pure water.
Calculated superficial steam velocity at the pool
surface was presented in Fig. 8. It was less
than 5 cm/s for the both experiments. According
to Kataoka and Ishii, the flow regime in the
pool was bubbly flow and droplets were
generated by burst of bubbles at the pool surface.
For the bubbly flow, the correlation of the
entrainment in the momentum controlled region

is given as,

4000

1000 4000

Fig. 8
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Superficial Steam Velocity at Pool
Surface during Depressurization

.Pdfe.

Pgjg

.1.25/Pg -0.31
(1)

where, DH

DH
Efg(h,jg)

g
h

h*

jfe
jg

Jg

Nun

: hydraulic diameter of vessel (m),

: dimensionless hydraulic diameter of vessel, DH/(o/{gAp)) ,
; entrainment at height h and gas velocity j g ,
: gravitational accelaration (m/s2),
: height above the pool surface (m),

: dimensionless height above the pool surface, h/(a/{gAp)) ,
: superficial velocity of liquid flowing upward as droplet (m/s),
: superficial gas velocity (m/s),

: dimensionless superficial gas velocity, jg/(agAp/pg2)' ,

; gas viscosity number, ^ig/(pgo(a/(gAp)) ) ,



Ap

pg

o

: density difference between gas and liquid (kg/m3),
: viscosity of gas (Pa's),
: density of liquid (kg/m3),
: density of gas (kg/m3),
: surface tension (N/m).

At the boundary between the momentum controlled region and the deposition controlled region,
the dimensionless height from the pool surface, h*, is expressed as,

-0.23

\Ap

The entrainment mass rate of the droplets are
calculated from steam mass flux at the pool
surface and the above two equations.

Figure 9 shows calculated mass entrainment
rate with Kataoka-Ishii model. The mass
entrainment rate decreases with time. The curves
of the mass entrainment rate showed bending
between approximately 1,000 seconds and
2,000 seconds corresponding to the peak of
the steam superficial velocity at the pool surface
shown in Fig. 8 . The accumulated entrained
mass of sodium sulfate based on the prediction
by the Kataoka-Ishii model was compared with
evaluated mass obtained in the experiments as
shown in Table 4. The calculated mass was
approximately smaller than the experiments by
one-order of magnitude. This discrepancy
would be caused by the fact that the Kataoka-
Ishii correlation was developed using widely
scattered experimental data. Another qualitative
explanation could be made as follows. In the
prediction, uniform steam flux was assumed at
the pool surface. However it is considered that.

(2)

40
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u
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the steam flux was larger at near the wall of 9"
the water pool than the central part of the pool
in the large-size pool
geometry because most of
the bubbles could be easily
generated at the inner wall
of the steel water pool when
the superheat of the water
was small as observed in
the present experiments.
Therefore the actual steam

2000
Time (s)

Mass Entrainment Rate of Droplets
during Depressurization

Table 4 Comparison of Total Entrained Mass of Sodium
Sulfate between Experiments and Predictions

Entrained Mass of Sodium Sulfate
Experiment Kataoka-Ishii Model

ARE001

ARE002

9.27g

6.91g

0.897g

0.437g

velocity was higher than the values used in the prediction, and the flow regime at the pool
surface near the wall was estimated to be a churn-turbulent flow. Since droplet entrainment is
much enhanced in the churn-turbulent flow than the bubbly flow, the entrained droplets mass
was larger than the prediction even if the decrease in the pool surface area available for the
entrainment are taken into account.



5. CONCLUSIONS

When the containment vessel of an NPP fails due to overpressure or that is vented intentionally,
the internal atmosphere of the containment will be depressurized. If the depressurization rate is
large, water pools inside the containment will violently boils and droplets including radioactive
materials dissolved in the pool may be reentrained. In order to quantify and characterize
droplets entrained from flashing pool, two aerosol reentrainment experiments were performed.
These experiments were performed using the orifice which simulated the most likely breach
area of BWR Mark I containment. The following findings were obtained ;
(1) It took approximately 45 minutes to depressurize from 1.5 MPa to 0.1 MPa in ARE001 and

40 minutes from 1.3 MPa to 0.1 MPa in ARE002.
(2) Less than 0.03 % of material dissolved in the pool was reentrained although 20% of the

pool was evaporated during the depressurization period. The result indicates that the amounts
of FPs reentrained from the flashing pool in BWR Mark I containment with the most likely
breach size will be slight.

(3) Small amount of reentrainment was predicted by Kataoka-Ishii model using pressure history
measured at the inside containment. However the model predicted approximately one-tenth
of the reentrainment evaluated in the experiments. A part of this discrepancy may be due to
multi-dimensional features of the pool geometry.
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