THE CONTRIBUTION OF NAK DROPLETSTO THE SPACE
DEBRISENVIRONMENT

Carsten Wiedemann®, Eduard Gamper®, Andre Horstmann®, Vitali Braun®, Enrico Stoll®”

@ nstitute of Space Systems, TU Braunschweig, HemrBdenk-Str. 23, 38108 Braunschweig (Germany), Emai
c.wiedemann@tu-braunschweig.de
@) Space Debris Office, ESOC Darmstadt, Robert-BosctsS64293 Darmstadt, Germany, Email:
vitali.braun@esa.int

ABSTRACT

One important space debris source is sodium-paotassi
(NaK) droplets. They are the second largest cautidh

to the space debris environment at altitude regimes
around 900 km following the fragmentation debridl. A
NaK droplets were released from orbital nuclear

eutectic sodium-potassium alloy NaK-78. All NaK
droplets are spherical and have the same densitly. O
the size is different. The maximum diameter is @bou
five and a half centimeters [2]. Today's populatafn
NaK droplets is dominated by centimeter objectd. Al
smaller objects have already decayed and re-entkeed
atmosphere. This source is mainly a historical

reactors, operated in space before the end of the contribution to the space debris environment. Apart

eighties. NaK droplets have already been considered
previous versions of the European space debris Imode
MASTER. Currently, the latest version of this model
being developed. The NaK model is also revised and
extended. It has now been divided into two sub-rgde
the already existing “NaK release model” and thes ne
“NaK leakage model”. The release model has been
slightly revised. The leakage model was newly
implemented in the software. The droplets added by
leakages are very small in number. The contributibn
NaK droplets is compared to other space debriscesur

1 INTRODUCTION

Although two different mechanisms are known to have
led to the distribution of liquid metal dropletdet
release from the Buk reactors is the dominant @he.
corresponding satellites are also referred to as
RORSAT. The Buk reactors were usually transferoed t
an elevated decay orbit after the end of their afpen.
This is referred to as Sufficiently High Orbit (SHOt

is estimated that 16 of these reactors have ejahtsd
cores since 1980. The initial hypothesis was that t
droplets were released during the reactor cordiefec
As a result, the releases are simulated as individu
events. Kessler et al. [1] quote a statement from a
Russian designer of the satellites that confirmat th
droplets can be released during reactor core ejecti
The model was developed based on this hypotheles. T
liquid metal droplets which have been releasednduri
the ejection of the reactor cores account for atsurial
portion of the contribution to this space debrisirse.
The essential part of this work will therefore coiep
the modeling of this contribution. In the followinthe
development steps of this model will be summarized.

Sodium-potassium droplets are a very special kihd o
space debris. They all consist of the same matehal

from two smaller leakages, which occurred in theers
past, the droplets were released between 198098@l 1
The predominant amount was released during the
operational opening of the primary cooling circoit
Buk type reactors. A smaller amount came from two
leakages of TOPAZ type reactors.

The ejection of the reactors cores has also been
described in Russian publications. One document
clearly shows the ejection of the reactor core [3].
However, the emerging droplets are not shown. ke f
graphic showing the reactor core ejection is
accompanied by a droplet cloud can be found in [4].
Thus, the initial hypothesis can be regarded as
confirmed. The results of new simulation calculasio
are presented. The individual contributions are
presented in terms of spatial density.

2 RELEASED MASS

An important model parameter is the released mass o
the volume of liquid metal. This parameter deteesin
the released number of droplets. In early publices; it

was assumed that 13 kg of eutectic NaK could escape
into space from each reactor [5, 6, 7, 8, 9]. Tiigal
assumption regarding the released mass was
continuously reduced in the course of the following
publications. Subsequently, the mass was reduced fr
13 kg to 8 kg [10, 11] and then to 5.3 kg. This snaas
remained to this day. A comment from a Russian
specialist following a presentation [8] at the Rour
European Conference on Space Debris clarified that
13 kg represents the total mass of the liquid ptese

the primary cooling circuit. In his opinion, only53kg
could have been released during the reactor core
ejection. A review of the Russian statement revkale
that this figure is a reasonable measure. Consigeri
only the liquid volume within the reactor vessetidhe
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volume of liquid that can be pushed out by a reiaxa

of the expansion tank, a comparable amount is ddai
Depending on the possible release temperaturegsa m
between 1.55kg and 3.93 kg was calculated under
simplifying assumptions [12, 13]. This fits very Me
with the Russian statement. This simplifying cadtiain

is, however, a very conservative estimate. It ditlitake
into account the existence of other possible meshan
which may lead to an additional release. It might b
speculated that a pre-load of the flexible parssdia the
expansion tank or centrifugal forces might haveygda

a role. Therefore, this conservative estimate was
increased to a total of 5.3 kg released liquid mass
order to be able to reproduce radar measurememt dat

3 THE SIZE DISTRIBUTION FUNCTION

The size distribution function itself was first foulated

in a very simple form. In a first unpublished versia
simple Weibull distribution was used to describe th
diameter distribution of the droplets. In subseduen
studies, attempts were made to replicate published
measured values by adjusting the distribution ichsa
way that it could reproduce the measurement resAilts
first variant of this can be found in [5]. This fition
was further modified over time and finally led to a
version which was published in [14], p. 85. These
variants are still characterized by a very high antaf
sub-millimeter droplets, which have only been itesgr

to reproduce a small number of impacts on spaceflig
hardware, which were believed to be droplets. This
would, however, lead to high droplet numbers in the
smallest size regime. From today's point of vidvere

is no justification for the generation of such hidjloplet
numbers in the small size regime as a result aftoea
core ejections. The next important step was to move
from a mere adaptation to measured values to a more
systematic approach. Therefore, a review was made f
a size distribution function which sufficiently aetbes
droplet distribution processes. The Rosin-Rammler
distribution was finally selected, for it's abilityo
reproduce measured values very well [6, 7, 11]sThi
function is used in a modified version until todey
modeling [13].

Another attempt for a systematic approach was to
estimate selected droplet sizes based on physical
mechanisms. Above all, average droplet sizes played
role as well as the maximum and the minimum droplet
size. The droplet size should typically be distrédzl
over the orifice diameter. Therefore, the estinmatid

the diameter of the possible orifices is first df a
important. Two possible orifices were identifiecheis
located on the bottom of the reactor and presumably
consists of a distributor (similar to a showerhetwdjt
distributes the droplets to the interstices betwten
fuel rods. A larger orifice may be found at thectea
head, where probably one of the larger pipes inegpe

while the reactor core is being ejected [6, 7, THe
diameters of the two openings were estimated from
geometric data on the reactor. The Rosin-Rammler
equation was then applied twice. In an early versan
attempt was made to determine a physical weighting
factor for the ratio of the liquid volumes exitiag) each

of the two orifices. Later, this ratio was arbithaset to
reproduce the number of large droplets compared to
measured data. These modifications were accompanied
by a reduction in the total mass. While initialhetmass
was distributed to about 16 % in small dropletse@sed
from the small orifice), the amount of small drdple
was arbitrarily reduced to 8 % after the reductibrthe
total mass to 5.3 kg, in order to be able to maintiae
number of observable larger droplets. This arbjtrar
determination is quite acceptable since it has been
shown that the orbital lifetime of the small drdplés so
short that they have disappeared from space. laroth
words, minor inaccuracies in the estimation of the
number of small droplets are of little importange i
modeling in the long term.

Another important step towards the systematizatibn
the distribution function was the estimation of the
function’s parameters. The Rosin-Rammler distrituti

is actually an empirical function that is fitted to
measured droplet distributions. The parameters are
usually determined by means of regression analysis
from measured data. This procedure is not poshifle,
because no measured droplet size distribution sxist
Therefore, a different approach was used. A meduling
estimate was made for the largest and the smallest
droplet. These "endpoints" then served as a basis f
estimating the parameters of the distribution fiomct

For the estimation of the largest released droplet
diameter, Rayleigh's capillary jet breakup is ufEsl

16, 17]. This theory best considers the physical
conditions under which the droplets have been sel¢a
When a low viscosity liquid is released into a vatu

the diameter of the largest emerging droplet can be
calculated as 1.89 times the orifice diameter. From
published technical data on the dimensions of éingel
pipes of the reactor [18], a diameter of about 3veas
derived. As a result, the largest droplet shouldeha
diameter of 5.67 cm [6, 7]. This fits very well tvitadar
observations, which for example measured a dianadter
5.68 cm [1, 19]. This also explains the findingsdeman

[2] implying that there seems to be a process doats

not allow the droplets to be larger than five andadf
centimeters. Supposing the Rayleigh mechanism, a
physical explanation for these observations has bee
found. For the estimation of the smallest dropket,
theory was used that is valid for effervescent
atomization. Therefore, the smallest droplet has a
diameter of about half a millimeter [6, 7]. The adef

the effervescent atomization was derived from a
publication by Wetch [20], which suggests that gas



pressure may be used as a driving force to ejext th
reactor core. This could mean a mixing between the
coolant and the injected gas may occur. This assamp

is purely hypothetical and cannot be proven. thihed

out to be inaccurate, however, the effect of theresn

the final results would be low. The smallest dréple
have a very short orbital lifetime and do not shaw
long-term impact on the overall space debris
environment.

The Rosin-Rammler equation was applied first in
MASTER-2005. After this, however, further
improvement was necessary, because the Rosin-
Rammler distribution has a disadvantage. Strictly
speaking the function ranges from minus infinityptas
infinity. This function is cut off at the largeshd the
smallest droplet size. The mass above or below this
droplet is ignored and is not considered in the smas
balance. Normally, this does not play a significeote

in liquid atomization processes, since most liggpdays
lead to relatively homogeneous size distributiom, i
which the droplet sizes hardly differ appreciablgnf

reasonably be assumed to describe atomizationeof th
liquid volume. In one of the first publications
fundamental mechanisms were reviewed [5]. Without
proving this, it was assumed that a so-called flash
evaporation may be considered as a mechanism. If a
liquid with a low vapor pressure is exposed to high
vacuum, a spontaneous boiling can occur, thereby
sputtering the liquid volume into a large number of
small droplets. However, a subsequent examinatfon o
the conditions for a flash evaporation revealed tha
temperatures, which can occur in the reactor, ate n
suitable for spontaneous boiling [9]. The vaporsptee

of the eutectic sodium-potassium alloy is too law t
allow such a mechanism. For this reason, a flash
evaporation was excluded as atomization mechanism.

4 RELEASE VELOCITY

The release velocity determines the distributiorthef
droplet population over different orbital altitudes
Compared to other debris generation events, the
additional velocity of the NaK droplets is very low

one another. The largest droplet in such a case may Smaller inaccuracies do not impact the modeling.

account for one per mill of the total mass of fluid
released [21] p. 92. Here, this is different. Thegést
droplet with a mass of a little bit less than 10thakes

up about 2 % percent of the total mass of the selda
liquid mass. Since the same mass fraction is also
assumed to be cut-off below the smallest drophes t

Initially a maximum release velocity of 30 m/s was
assumed [5]. Later this order of magnitude was
confirmed from the presumed internal pressure @sid
the reactor [9]. The average release velocity isfin

order of magnitude of 15 m/s. This assumption agree
with early analyses from [1, 22]. It has not been

leads to an error in the mass balance. Therefore, achanged since then.

variant of the Rosin-Rammler distribution, which
compensates for this error, the so-called modified
Rosin-Rammler function was used in subsequent
models. This has the advantage that the mass leaiginc
correct now. It means that the mass released dtinmg
simulation is completely converted into droplets.
However, the disadvantage of using the modified
version is that it leads to slight distortions ihet
physical significance of the parameters. This mgans
above all, that the parameters lose their physical
meaning. This compromise is acceptable since, én th
field of modeling the space debris, mass balances a
essential, because it determines the number otisbje
being generated. The relation between mass anderumb
is a dominant parameter in modeling. This varidrthe
modified Rosin-Rammler distribution was implemented
in MASTER-2009 and is still used today in the model

The fact that two Rosin-Rammler functions have been
applied leads to a bi-modal distribution (s. Figind
[12]). For the representation of the number of thtsp
(which are currently in space) the part of the loidial
distribution is important which describes the disition

of the larger droplets. Today's population is daated

by centimeter droplets. All smaller droplets have
already descended long ago. The estimation of the
largest and smallest droplet diameters is closelgted

to the physical mechanisms of generation which can

Another parameter is the release direction. This is
associated with the direction in which the reactme is
ejected. Originally it was assumed that the reactoes
were ejected in the direction of flight. Only ireticase

of one reactor it was explicity assumed that tisis
contrary to the direction of flight, since a refece has
been explicitly pointed out [23]. This approachniswv
changed for the first time. Now all the reactoresoare
assumed to have been ejected against the direction
flight. This change is due to a discussion of thabjem

by Sven Grahn, who has elaborated carefully on the
transfer maneuver, the spin stabilization of theelbte
during the maneuver, and the assumed position ef th
reactor after reaching the SHO. He has presented hi
views on the topic convincingly on his website [24]
Technically, this would require the transfer engirie
point in different directions. Meanwhile published
graphics of the transfer engines confirm this aggtion

(s. for example Fig. 1 in [3]). Therefore the diren for

all reactors is changed here. In the new MASTER
model, all reactor cores will be ejected againgt th
direction of flight. The effect on the model resuls
very low. This is due to the fact that these vdiesiare

so low that their direction is of no practical innf@nce.

5 SIMULATION OF RELEASE EVENTS

Figure 1 shows the total mass of NaK-78 released



during 16 reactor core ejections. It can be assutimad
today the population in space is dominated by
centimeter droplets. The mass is plotted over time.

Mass of NaK Droplets in Orbit during
the Years 01/1980 to 11/2016
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Figure 1. Simulated mass of NaK droplets in orbit

Reactor core ejections have simulated a release of
5.3kg NaK per event. A total of 16 reactor core
ejections are taken into account. For 13 reactbes t
ejections have been confirmed by observations. This
corresponds to a total mass of about 85 kg haveenb
released altogether. No more mass is added witaritle

of the release events. The two leakages from the
TOPAZ reactors have not been considered here. Today
about 65 kg of sodium-potassium droplets are assume
to still be in space. The total mass is relativefyall.

The graphic distinguishes between objects largan th

1 cm and smaller droplets. It is shown that theomiigj

of the NaK mass still present in space exists énftiim

of droplets larger than 1 cm.

Number of NaK Droplets in Orbit during
the Years 1980 to 2040
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Figure 2. Simulated evolution of the number of NaK
droplets in orbit

Figure 2 shows the simulated number of droplets on

Earth orbits between the years 1980 and 2040. The
representation includes all modelled droplets szda
from Buk reactors. The model assumptions resukl in
minimum droplet of about half a millimeter in siZe.
particular, the very small droplets re-enter Earth'
atmosphere relatively quickly, whereby the totainiver

of droplets decreases. The illustration shows dhby
droplets that have escaped the Buk reactors. The
droplets from the leakages of the two TOPAZ reactor
are not significant due to their very small numbEne
quality of representation is primarily determinegthe
orbit propagation. The material properties of the
droplets, their area-to-mass ratio, are relativesll
known. Uncertainties are low in this field. The bfya

of the orbit propagation depends mainly on the
prediction of solar activity.

Number of NaK Droplets in Orbit during
the Years 1980 to 2040
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Figure 3. Simulated evolution of the number of NaK
droplets in orbit

Figure 3 visualizes the number of descending dtsple
broken down to different size classes. Droplets are
shown that are smaller than 1 mm, larger than lagmd,
the size class in between. Figure 3 shows veryrlglea
that all droplets smaller than 1 mm have re-entered
Earth's atmosphere immediately after the end of the
RORSAT program. If in the modeling of these small
droplets inaccuracies have occurred, these doawe &
long-term impact on the space debris environment.
Furthermore, it can be seen that by the year 2000,
centimeter droplets became the dominant population.
They are likely to be very long-lasting.

Figure 4 shows the simulated descending behavior of
the droplets over time. The number of droplets,cihi
have re-entered Earth's atmosphere each month, is
shown. It can be noted that the decay rate is hagly

after the end of the RORSAT program. There areydeca
rates of up to 100,000 droplets per month. Thidiepp

in particular to the very small droplets which hawve
very large area-to-mass ratio and can thereforeebg
easily decelerated by the residual drag of the



atmosphere. The decay rates are today approximately
the order of 10-100 droplets per month. The rate
depends essentially on the influence of the saltwity.

The simulated eleven-year cycle of the solar agtiig
clearly visible. During periods of increased solar
activity, the decay rates rise significantly, ase th
atmosphere expands to higher orbital altitudes.s&he

results are also very similar to previous publmagi
[12].
Decayed NaK Droplets during
the Years 1980 to 2040
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Figure 4. Simulated decay behaviour of NaK droplets
shown as monthly decayed number of objects

Figure 5 shows the decay rate as a monthly re-&hter
mass. The simulation results suggest that in therdu
they will decay in the order of 100 g per month.

Decayed mass of NaK Droplets
during the Years 1980 to 2040
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Figure 5. Simulated decay behaviour of NaK droplets
shown as monthly decayed mass

Figure 6 shows a comparison of the model resulth wi
measured data. There are only few possibilities to
validate the sodium-potassium model. Krisko et al.
published such data in a paper (s. Fig. IV in [2bl)ese

are compared with the model based on the assumption

that the data reflect the situation in 2013.

NaK Model (MASTER) in Comparison with
Radar Observations for Year 2013

1E+06

1E+05

1E+04 |

1E+08

1E+02

Cumulative number [-]

1E+01 | |NaK-Model

Haystack

1E+00
1E-03

1E-02 1E-01

Droplet diameter [m]

Figure 6. Comparison of the NaK size distribution
model with radar measurement data taken from Krisko
et al. (s. Fig. IV in [25])

Figure 6 shows the cumulative number of droplets in
orbit versus the droplet diameter. Krisko et abktinto
account all droplets that are larger than 1 cm. The
comparison reveals that the simulated results agree
nearly perfectly with the measured data, both imgeof

the number of released droplets and concerning the
shape of the size distribution function. This cong

that the selection of the modified Rosin-Rammler
equation, the estimation of the droplet size patarsg
and the calculation of the largest droplet diameter
obviously represent a suitable model approach which
reflects reality very well.

6 ORBITAL DISTRIBUTION

The next question, to be investigated here, is the
distribution of the NaK droplets from the Buk reast
over different size classes. Figures 7 and 8 shHmav t
portions of droplets larger than 1 cm compared to
smaller droplets. Figure 7 shows the situatiorhanyear
2009 which corresponds approximately to the refazen
epoch of the MASTER-2009 model. Figure 8 shows the
spatial density of the year 2016. In the time pério
between both figures, a considerable amount ofldt®p
has decayed. The centimeter objects have their
maximum slightly below 900 km altitude. The
maximum of the millimeter objects is found at about
800 km. Furthermore, the sum of the individual
subpopulations is shown. Looking at the individual
components, it can be seen that the reduction pitade
most of all in the millimeter population. Due toeth
larger area-to-mass ratio, they decay much fabin t
the centimeter objects. The simulation shows that t
NaK population is currently dominated by centimeter
droplets. It is expected that this population wédmain

in space for a long time.



Spatial Density of NaK Droplets at 2009/11/01
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Figure 7. Spatial density of NaK droplets for two
diameter classes in 2009

Spatial Density of NaK Droplets at 2016/11/01
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Figure 8. Spatial density of NaK droplets for two
diameter classes in 2016

In the following, the contribution of sodium-potass
droplets to the other debris populations will
presented for objects larger than 5 mm (s. Ficar®d
objects larger 1 cm (s. Fig. 10). With respecti® NaK
droplets, it makes sense to look at objects thataager
than 5 mm only. Below this diameter, there are no
droplets anymore. Three comparative populations are
used, the slag particles, the fragmentation detmisthe
Launch and Mission Related Objects (LMRO). (The
representation of the multilayer insulation is exidd
here.) In the 5 millimeter range, the NaK droplats
below the contribution of slag particles. They omigke

a very small contribution even at an altitude o® &on.

It should be emphasized that the populations pteden
here refer to a currently ongoing investigation,ickih
has not yet been completed. It is meant to leathé¢o
development of a new version of the MASTER model.
This is a presentation of preliminary results. The

be

presented populations are based on new simulation
results which have not yet been validated. Thel fina
results will differ from those presented here. Bgre is
already a certain tendency to see how the newtsesul
will differ from previous ones.

Spatial Density for Objects bigger than 5 mm at 2016/11/01
(The contributions are summed up beginning with LRMO)
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Figure 9. Spatial density of objects larger thamB on
low Earth orbits in 2016

Spatial Density for Objects bigger than 1 cm at 2016/11/01
(The contributions are summed up beginning with LRMO)
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Figure 10. Spatial density of objects larger thaom
on low Earth orbits in 2016

According to the simulation calculations, the peiain

of sodium-potassium droplets is now dominated by
centimeter droplets. They are still the seconddsirg
contribution to the debris environment between B®0
and 900 km, following the fragments, followed bgagsl
particles as seen in Fig. 10. However, their amount
compared to fragments is much lower than in previou
investigations [26]. This is due to the fact that,
particular, the Fengyun-1C event has released
considerably more fragments than was estimateddefo
The amount of sodium-potassium droplets is
comparable with what was already simulated before
[13]. However, the importance of droplets for thek of



collision has now declined because of the greater
consideration of fragments at this orbital altitude

The sodium-potassium droplets are still one of the
dominant contributions of space debris, even i§ tisi
essentially a historical source. The NaK populati®n
dominated by the droplets which have been released
from Buk reactors. The leaks from the two TOPAZ
reactors have barely contributed to the debris
environment. In the following, the relative proport of
these droplets in the present debris populatictdsvn.
First, the centimeter population is examined.

Percentage of different sources for Objects bigger
than 1cm at 11/01/2016
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Figure 11. Relative contributions to the spatiahdity
of objects larger than 1 cm on low Earth orbit2016

Figure 11 shows the four important contributionghaf
centimeter population relative to each other. The
contribution of sodium-potassium droplets today at
800 km altitude is slightly less than 10 % of tio¢at
population. It can be seen that the dominant doution
results from fragments in 800 km. The contributifn
slag particles and LMRO is very low.

Percentage of different sources for Objects bigger
than 1cm at 11/01/2016
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Figure 12. Relative contributions to the spatiahdity
of objects larger than 1 cm on low Earth orbit2016

Figure 12 shows the same data in a different
representation. It differs, because the contrilmgtiare
represented individually, whereas in Fig. 11 theg a
summed up. In Fig. 12, it can once again be versrty
recognized that the smallest contribution in 800 km
results from the slag particles and the LMRO, which
make up only a few percent of the population as thi
altitude. The fragments dominate the populatiothat
altitude with a little less than 90 %. This is aeal
difference from previous representations [26].sldue

to the fact that the influence of the Fengyun-1@ngv
(Chinese anti-satellite test) is now weighted muoaire
strongly than in previous calculations.

Percentage of different sources for Objects bigger
than 5 mm at 11/01/2016
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Figure 13. Relative contributions to the spatiahdity
of objects larger than 5 mm on low Earth orbit{i 6

Percentage of different sources for Objects bigger
than 5 mm at 11/01/2016
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Figure 14. Relative contributions to the spatiahdity
of objects larger than 5 mm on low Earth orbiti 6

Analogous representations have also been genefimted
the objects larger than 5 mm. In Figs. 13 and lchit

be seen that NaK droplets hardly represent a &igumif
portion of the overall debris population. This isedto

the fact that most droplets smaller than 5 mm have



already decayed. The remaining population is
dominated by the droplets larger than 1 cm. Andéhe
make up only a small part in the 5 mm population.

7 LEAKAGE EVENTS

Figure 15 shows an updated version of a graph
previously published in [27], taking into accoutiet
additional contribution of sodium-potassium droplet
from TOPAZ reactors. It was shown in detail thag th
number of droplets that leaked from the two TOPAZ
reactors is low. These two leakage events arendtbti
different from the previous reactor core ejectiofisey
have taken place long after shut-down of the reacto
Furthermore, the total mass which has leaked is
significantly lower as for the Buk reactors. In ttase of

the TOPAZ reactors, a depressurization of the
expansion tank is assumed as the only cause of the
leakage. Approximately 250 g have leaked per event.
The number is estimated to be just 35 dropletspent.

All of them are in the centimeter range. The lotemic
representation of the spatial density shown in Fig.
makes this contribution visible. It can be seer th&s
more than one order of magnitude less than the
contribution from the Buk reactors. For the totamber

of objects in space, these two leaks play only aomi
role.

Spatial Density for Objects with Diameters
bigger than 1 cm at 11/01/2016
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Figure 15. Spatial density of objects larger thaom
on low Earth orbits in 2016

8 SUMMARY

In this examination a preliminary presentation is
investigated, in which the current population o& th
sodium-potassium droplets is compared to the cturren
space debris population. Since there has beer littl
change in the NaK release model and since the
contribution of the newly added NaK leakages isyonl
small, there are hardly any changes to the previous
simulation results. The basic model assumptionsquto

to be correct and have been largely retained t@mnéy

slight corrections, for example with respect toeasie
direction, have been made. There are two important
findings of this work. It can be seen that the niode
describes reality very well. The results are cdasis
with the few available measurements on both, the
number of droplets as well as the shape of the size
distribution. This confirms that the selection dfet
Rosin-Rammler distribution and the application loé t
Rayleigh mechanism in the calculation of the larges
droplet have proven to be adequate approaches to
describing the problem of NaK release. The second
important result is that from today's perspectithe
relative amount of sodium-potassium droplets appear
smaller than originally assumed. However, this is
entirely due to the fact that the Chinese antilizi¢est

is today viewed as a more serious event than was th
case in previous analyses. However, it must be
emphasized that the population presented heret igetio
validated and is only an interim result of a cutren
investigation. The results can still change.
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