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IMFBR AEROSOL RELEASE AND )
PROCRESS REPORT FOR JULY-SEPTEMBER 1979

ABSTRACT

This report summarizes progress for the Liquid-Metal Fast
Breeder Reactor (LMFBR) Aerosol Release and Transport program
sponsored by

Nuclear Regulatory Commission for the period July-September

the Division of Reactor Safety Research of the

1979, Topics discussed include (1) recent capacitor-discharge
vaporization (CDV) tests in the Fuel Aerosol Simulant Test fa-
ility conducted under water to evaluate the disassembly proc-

ess including bubble dynamics and UO2 vapor condensation and
transport; (2) tests in the CRI-III vessel to evaluate UO; tem-
peratures during melting and CDV discharge; (3) tests in the

CRI-TII vessel to establish UO; electrical conductivity changes
on melting; (4) singl

two-component (U30g and Na0y) mixed-aerosol experiments in the
Nuclear Safety Pilot Plant; (5) experiments in CRI-II using
mixed aerosols (U30g and NO,04), in which attempts are made to

e-component U30, aerosol experiments and

coat the particles of the mixed aerosol, to preserve the char-
icteristics for scanning electron microscope and transmission
electrcn microscope photographs; and (6) comparisons of mixed-
aerosol size-distribution measurements using a spiral centri-
fuge and a cascade impactor.

Keywords: aerosol, hypothetical accident, LMFBR fission
product release, fission product transport, exreactor experi-
ment, safety, radionuclide transfer.

l. INTRODUCTION

The Liquid-Metal Fast Breeder Reactor (LMFBR) Aerosol Release and
Iransport (ART) Program at Oak Ridge National Laboratory (ORNL), spon-
sored by the Division of Reactor Safety Research of the Nuclear Regula-
tory Commission (NRC), is an LMFBR safety program concerned with radio»-
nuclide release and transport. Its scope includes (1) radionuclide re-
lease from fuel, (2) transport to and release from primary containment
boundaries, and (3) behavior within containments. The overall goal of
the program is to provide the analytical methods and experimental data
necessary to assess the quantity and transient behavior of radionuclides

released from LMFBR cores as a result of postulated events of varying
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Capacitor-discharge-current data for CDV 83 and 86.
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Fig. 9. Oscilloscope trace for capacitor discharge current in FAST
26. Note the sharp reduction in current that occurred ~2.4 ms after the
start of capacitor discharge.

FAST 27. Cr ditions for this test were the same as for FAST 26.

Input of capacitor discharge energy was roughly 257 less than in FAST 26,
and three pressure pulses were observed during the 80-ms pressure-
recording time.

The interior of the vessel was again lit by shining a 2000-W lamp
through the top port. For FAST 27 the camera framing rate was 500
frames/s, a factor of 20 less than the usual framing rate. Thus, much
more of the experiment could be photographed, and the bubble oscilla-
tions were observed for the first tim»., Film from FAST 27 indicates that
the fuel vapor in the bubble rapidly condenses and forms a "fog"; it is
this fog that makes it difficult to film the experiments without external
lighting.

FAST 29. Before performing tests at ~2.02 MPa (20 atm) argon and
xenon pressures, we decided to perform one scoping test at an ~1.0l1-MPa
(10-atm) pressure level (FAST 28 was to have been performed under these
conditions but had to be aboried during preheat). Though the CDV energy
input level was fairly high (30+ kJ), no loud shock like those produced
in FAST 22 through 27 was heard.
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As shown in Fig. 10, the pressure history was much different from
that produced in the six earlier tests. In particular, the time between
the first two pressure pulses was ~5 ms, about ten times less than the

periods in FAST 22 through 27. At least ten pressure peaks were produced

in the 80-ms recording period. Motion pictures of the test indicated that

the bubble produced had a much smaller diameter than those produced in

FAST 22 through 27.

Summary of results. Results from high-speed motion pictures indi-

cate that fuel-vapor-bubble condensation in these tests was very rap:d,
probably occurring in less than 100 ms after the start of bubble forma-
tion. In addition, increasing the amount of xenon in the bubble (compar-
ing FAST 22-24 with FAST 25-27) did not significantly change the bubble
behavior. This may indicate that bubble condensation is not diffusion-
controlled (and so not influenced by the xenon level), but that condensa-
tion occurs by some other mechanism (perhaps radiation heat loss or cool-
ant entrainment). Measurements in che argon cover gas indicate that an
insignificant amount of the UO; was transported through the water by the

xenon gas bubble that should have been left after fuel condensation.

ORNL -DWG 80 4445 ETD
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Fig. 10, Recorded pressure vs time data for FAST 29; data recorded
for ~80 ms after the start of capacitor discharge. The first pressure
peak occurred 0.88 ms after sample breakup and had a magnitude of 1.89 MPa

(18.8 atm). Pressure was measured 22.9 cm (9 in.) away from the test sam-
ple.
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Pressure measurement results are summarized in Table 6. These re-

sults indicate that

l. variations in energy level had little influence on the magnitude of
the first pulse produced;

2. increasing the argon pressure (FAST 29) reduced the time between pres-
sure pulses (as expected, because of reduced bubble size);

3. increasing the amount of xenon in the bubble seems to increase the
time between pressure events (again expected, because for a fixed
fuel energy, increased xenon pressure means increased bubble size);

4. the large second pressure pulses in FAST 22 and 26 may be due to

small-scale fuel-coolant interactions.

2.2 Secondary Containment Aerosol Studies in the NSPP

R. E. Adams Js. T+ Han

2.2.1 Introduction

Activities of the NSPP during this period included (1) analysis of
data from the third uranium oxide aerosol test (test 206), which used the
plasma-torch aerosol generator; (2) performance of the first mixed-oxide
aerosol test (test 303) and analysis of resulting data; and (3) perfor-

mance of the second mixed-oxide aerosol test (test 304).

2.2.2 Uranium oxide aerosol test No. 206

This test was the third and last of the test series to study the
performance of the plasma-torch uranium oxide aerosol generator.S The
powder feeder was charged with 1 kg (2.2 1b) of uranium metal powder.
This material was injected into the plasma-torch combustion chamber over
a 5-min period. The vessel atmosphere was air at a relative humidity of
less than 20%, and the initial pressure and temperature were ambient.
Duration of the test was 48 h.

Aerosol mass concentration. By extrapolating the data obtained from

the filter samplers and by using data from the fallout and plateout sam-
plers, we estimated a maximum aerosol concentration of 10 g/m3. Aver-
age aerosol concentration values as a function of time are displayed in
Fig. 11.
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Table 6.
sure (after start of sample break-
up): P = peak pressure for first

three pulses produced in FAST
22-27 and FAST 29

Saca Time ~p?

o (ms) [MPa (atm))]

First pulse

FAST 22 0.9 1.45 (14.4)
FAST 23 1.09 1.28 (12.7)
FAST 24 0,92 1.43 (14.2)
FAST 25 0.98 1.25 (12.4)
FAST 26 1:12 1.06 (10.5)
FAST 27 1.12 1.38 (13.7)
FAST 29 0.88 1.89 (18.8)

Second pulse

FAST 22 58,3 1.40 (13.9)
FAST 23 49,2 0.52 (5.1)

FAST 24 49,0 0.27 (2.7)

FAST 25 52.0 0.26 (2.6)

FAST 26 55.1 0.71 (7.0)

FAST 27 46,5 0.32 (3.2)

FAST 29 5.9 1.39 (13.8)

Third pulse

FAST 22 86.8 0.23 (2.2)

FAST 23 68 0.25 (2.5)

FAST 24 66 0.18 (1.8)

FAST 25 b b

FAST 26 b b

FAST 27 66.5 0.16 (1.6)

FAST 29 12.7 1.15 (11.4)

aArgon cover-gas pressure
in FAST 22-27 was ~0.12 MPa
(1.2 atm); argon cover-gas pres-
sure in FAST 29 was ~1.03 MPa
(10.2 atm).

bThird pulse not observed
in 80-ms pressure recording time.

Data for time of peak pres-
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Aerosol particle size. The aerodynamic mass mean diameter of the

aerosol was measured over the first 8.4 h of the test. Six aerosol sam-
ples were taken with an eight-stage cascade impactor (Andersen Mark I111).

Results are given in Table 7.

Table 7. Uranium oxide aerosol
parti~ie size — test 206

Time after start Geometric
Sample of aerosol Az;g:y:?:;Zt:iss standard
No. generation o) deviation
(min) (og)
1 17 3.2 3.4
2 38.5 3.3 23
3 81 3.3 2.3
4 190 3.0
5 345 2+3 1.9
6 504 2.3 1.9

Distribution of aerosol. At the termination of the test, the ap-

proximate distribution of aerosol, as determined by the fallout and
plateout samplers, was as follows: (1) aerosol settled onto floor, 65%;
(2) aerosol plated onto interior surfaces, 35%Z; and (3) aerosol still sus-

pended in the vessel atmosphere, nil.

2.2.3 Mixed urarium-sodiup oxide aerosol test No. 303

This test was the first in which the two aerosols were generated
simultaneously. The target mixed-oxide aerosol concentration was 20 g/m3,
composed of equal masses of uranium oxide and sodium oxide. Uranium ox-
ide aerosol generation (with the plasma-torch generator) was initiated
first and then followed by sodium oxide generation (by a sodium pool fire)
1.5 min later. The uranium oxide aerosol generation period was approxi-
mately 25 min, and the sodium oxide aerosol generation period was approxi-
mately 12 rin. The vessel atmosphere was air at a relative humidity of
less than 2)%, and the initial pressure and temperature were ambient.

Test duration was 119 h.
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Aerosol mass concentration. Three min after termination of aerosol

generation the first measurement was made of the aerosol mass concentra
tion. Total aerosol mass concentration at that time was 2.5l g/m3 com=
posed of 1.40 g/m® of uranium oxide and 1.1l g/m3 of sodium oxide. Aero-
sol mass concentrations for each component of the aerosol as a function

of time are given in Fig. 12, The concentration values for sodium oxide
at times longer than 300 min are probably slightly higher than actual val-
ues, The reagents used in dissolving the mixed-oxide sample were found

to have low-level sodium impurities; the reported data were corrected to
compensate for this reagent contamination.

Based upon extrapolation of the aerosol concentration data and upon
fallout and plateout data, we concluded that the target total aerosol mass
concentration was approached. Over the first 6 h of the test, the mea-
sured mass ratio of uranium oxide to sodium oxide ranged from 1:3 to 2:5.
According to this preliminary analysis of the results of this test, appar-
ently the two aerosols were coagglomerating, and the composite behavior
was somewhat different from that of a single-component aerosol in that the
initial rate of disappearance from the vessel's atmosphere was greater.

Aerosol particle size. The aerodynamic mass median diameter of the

aerosol was measured over the first 9.8 h; a sample taken at 24 h did not
contain sufficient material for proper analysis. The aerosol material

from each collector plate of the impactor was analyzed for both uranium

and sodium content. If the two aerosols are coagglomerated, one would
expect that the particle diameter as determined by using the uranium or
sodium content of the total mass, or the total mass, would be similar.
Table 8 contains the calculated diameter for each component as well as

for the total mass. Except for the first sample, the diameter calculated
for each component and the diameter calculated for the total mass are simi-

lar, lending further evidence that the two aerosols are coagglomerating.
Distribution of aerosol. At the termination of the test (119 h), the

approximate distribution of the aerosol components, as determined by the
fallout and plateout samplers, was as follows: (1) aerosol settled onto
floor of vessel, 88X (sodium oxide) and 82%Z (uranium oxide); (2) aerosol
plated onto fnternal surfaces, 12% (sodium oxide) and 18% (uranium oxide);

(3) aerosol still suspended in the vessel atmosphere, nil.
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Table 8. Mixed uranium oxide-sodium sxide
aerosol particle size — test 303

AMMD calculated by using

Uranium Sodium Total
Sample Time oxide oxide aerosol
No. (min) component  component mass
ann? e Ao AMMD

(um) 8 (um) %8  (um) B

1 31 3.8 3.6 5.6 4.3 4,0 3.6
2 55 3.4 3.4 1.2 5.0 3.2 3.5
3 100 3.0 2.4 2.7 3.4 2.9 2.5
4 205 2.4 2.6 1.8 4.0 2.3 2.7
5 360 1.9 2.5 0.8 5.0 1.5 2.9
6 590 1.6 2.3 1.1 4.6 1.4 2.7

Time after start of uranium oxide aerosol gen-
eration.

bAerodynamlc mass median diameter.

cGeometric standard deviation.

2.2.4 Mixed uranium—-sodium oxide aerosol test No. 304

The second mixed-aerosol test in which the aerosols were generated
simultaneously was performed late in this reporting period, and complete
results are not available from the analytical laboratory. The test was
performed in a manner similar to that of tesc 303, and the target total
mass concentration was 20 g/m3 with a 10:1 ratio of uranium oxide to

sodium oxide.

2.3 Basic Aerosol Experiments in CRI-II

G. W. Parker A. L. Sutton, Jr.

2.3.1 First mixed-oxide aerosol characterization test

The first of a continuing series of mixed-aerosol (U30g-¥a,0,) char-

acterization tests was completed in the CRI-II facility as a preliminary
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to the NSPP series of large-scale tests. This run is designated Mixed-
Oxide Run PT-28. Previous work on characterizing LMFBR fuel—sodium aero-
sols has been reported by Allen and Bryant6 from Battelle Northwest Lab-
oratories (BNWL)., Their technique, however, induced a somewhat unique
aerosol because the metallic sodium was first condensed onto the fuel
(Pu0,-U0,) oxide particle; the sodium then ignited. Even so, in dry air,
they observed no compound forazation; but with higher humidity sodium
uranyl tricarbonate was formed. Because of the relatively low concentra-
tion of their experiments, the maximum aerodynamic size observed was only
about 0.8 um.

In our experiments the aerosol mixture is generated by simultaneously
burning powdered uranium in a metal-oxygen torch and spraying hot liquid
sodium into dry air with spontaneous ignition. Thus, the oxides are inde~-
pendently formed, then condensed and mixed by strong thermal convection
forces. The ratio of uranium oxide to sodium peroxide was to have been
about l:1; however, it actually reached about 3.2 parts uranium oxide to
| part sodium peroxide, which remained constant during most of the set-
tling period. The initial sampling was somewhat delayed for pressure
ad justment because of excessive heating and cooling. The longer time
than usual to ad just the pressure to | atm was due to an undersized air
supply valve, which has since been replaced. (The pressure and tempera-
ture transients are shown in Fig. 13.)

The maximum initial aerosol concentration was not accurately deter-
minable because of the time delay; hovever, we estimate that it was be-
tween 10 and 20 glm3 based on total settled aerosol and the limited sam-

pling data shown in Fig. 14.

2.3.2 Size distribution of U308 and Na202 by spiral centrifuge
and cascade impactor analyses

Although our spiral centrifuge was known to have developed some in-
stabiiity, the cause of which had not been determined, the instrument was
used nonetheless; the collected foils from this mixed-oxide experiment
appeared to be uniform and relatively consistent with the pure sodium

peroxide distributiuns previously observed. The uniform deposits on the
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foils are shown in Fig. 15, and the graphic form of the analytical data
is shown in Fig. 16,

An Andersen eight-stage cascade impactor .. also operated to take
three samples each with the origin.' "large cut” f*-st and second stages
and wi h the new redesigned stages. The first, second, and fourth rows
in the photograph in Fig. 17 show the ni« :._ages having the smaller number
of jets on the first two plates. The improvement in matching the spiral
centrifuge measurements by using the new stages can be seen in Table 9

and in Figs. 18 and 19, which show only the data taken with the new

ﬁtageSo
Table 9. Summary of size distribution measurements
Elnpaad Uranium Sodium

:;’;‘:) Dsg GSD  Dsg  GSD
(um) (o) (um) (o)

19 Ist Cent. (3000 rpm) 3.97 1.346 4.41 1.40

22 Imp. No. 1 (new stages) 3.43 1.84 3.8 2,27

61 Imp. No. 2 (new stages) 3.46 1.82 3.86 2.20
107 Imp. No. 3 (old stages) 3.19 Ie74% - 3.19 1.93
203 2nd Cent. (3000 rpm) 3.83 1:35 5.26 1.42
231 Imp. No. 4 (new stages) 3.46 1.82 3,56 2.08
256 3rd Cent. (3000 rpm) 3.56 1.35  4.78 1l.41
287 Imp. No. 5 (old stages) 2.68 1,69 2.82 2.13
352 Imp. No. 6 (old stages) 2.77 1.7 3.06 1.97

2.3.3 Photomicrographic display of mixed-oxide aerosols

Several earlier attempts to photograph primary particles of sodium
peroxide on microscope grids generally have given unsatisfactory results
because atmospheric moisture has destroyed the original features of the
spherical sodium-compound aggregates. By first depositing a protective
organic polymer coating over the particles before collecting on grids,
we have produced relatively well-defined particle photographs by both the
SEM and TEM techniques. The two types of photographs shown at different
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In the succeeding tests, which will cover a range of concentrations
and sodium-to-uranium ratios, we hope additinnal data will confirm the
precision of the centrifuge aerodynamic size measurements and the rela-
tive accuracy of the impactor analysis, including that from a new Sierra
rectangular ‘et unit such as is used at the Containment Systems Test Facil-
ity (CSTF).” Additional data will be derived to establish more exactly

the chemical composition and evidence of any compound formation between

the oxides.
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3. ANALYTICAL PROGRAM

Efforts are continuing to develop computerized models for source-
mitigating phenomena that are speculated to occur as high-energy molten
fuel expands, flash vaporizes, and, in general, thermally interacts with
the coolant (sodium or water). Piresently, these models include condensa-
tion due to convective and radifant heat transfer to the bubble/coolant
interface (including the presence of noncondensable gases) and conduc-
tion heat transfer into the coolant. Models are also being developed
for condensation onto structure and onto entrained coolant. Models being
developed at the University of Virginia for use in this program include
particle fragmentation, aerosol nucleation, and bubble dynamics and con-
densation during the early phases of bubble development, including bubble
cscillations, coolant entrainment, and vapor condensation.

Efforts are also being made to develop appropriate averaging tech-
niques for the properties of two component mixtures of nuclear aerosols
that can be used in the computerized analytical models developed to de-

scribe the behavior of single-component aecosols.
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