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A project is being conducted in the Nuclear Safety Pilot Plant
(NSPP), located at the Oak Ridge National Laboratory (ORNL), to study
the behavior of aerosols assumed to be generated during LWR reactor
accident sequences and released into containment. This project, which
is part of the ORNL Aerosol Release and Transport (ART) Program, is
sponsored by the Nuclear Regulatory Commission and its purpose is to
provide experimental qualification for LWR aerosol behavioral codes
being developed independently by other NRC-sponsored programs.

The program plan for the NSPP aerosol project provides for the
study of the behavior of LWR accident aerosols emanating from fuel,
reactor core structural materials, and from concrete-molten metal
reactions. The behavior of each of these aerosols is being studied
individually to establish their characteristics; future experiments
will involve mixtures of these aerosols to establish their interaction
and collective behavior within containment.

The NSPP facility diagramed schematically in Fig. 1 includes a
test containment vessel, aerosol generating equipment, analytical
sampling and system parameter measuring equipment, and an in-vessel
liquid spray decontamination system. The NSPP vessel is a stainless
steel cylinder with dished ends having a diameter of 3.05 m, a total
height of 5.49 m, and a volume of 38.3 m3. The floor area is 7.7 m2

and the internal surface area (including top, bottom, and structural
items) is 68.9 m2. The equipment for the measurement of aerosol pa-
rameters includes filter samplers for measuring the aerosol mass con-
centration, coupon samplers for aerosol fallout and plateout measure-
ments, cascade impactors and a centrifuge sampler for determining the
aerodynamic particle size distribution of the aerosol, and devices for
collecting samples for electron microscopy. System parameters measured
are moisture content of the vessel atmosphere, steam condensation rates
on the vessel wall, vessel atmosphere temperature, wall temperature
gradients, and vessel pressure.

The purpose of this paper is to document observations illustrating
the influence that steam has on the behavior of l^Og aerosols within



the NSPP vessel. In a previous study, a number of U3O8 aerosol behav-
ior experiments were conducted in a relatively dry air environment
(RH<2OZ); these experiments serve as a basis for comparison in observing
the changes in U3O8 aerosol behavior induced by the presence of steam.
Undex* dry conditions the experimentally-observed change in l^Og aerosol
mass concentration within the NSPP vessel as a function of time (Fig.
2) is modeled reasonably well by the HAARM-3 aerosol code. As pre-
dicted by theory and illustrated by the results of this set of experi-
ments, the aerodynamic behavior of l^Og aerosol in a closed vessel is
influenced by the initial aerosol mass concentration. At the lower
mass concentrations, a longer period of time is required for small
particle agglomeration to produce larger particles which are more sub-
ject to removal through the process of gravitational settling. Scan-
ning electron microscopy revealed the U3O8 aerosol to be in the form
of very small spherical particles agglomerated into intermingled
branched chains characteristic of vapor—condensed aerosols formed
through high temperature oxidation processes (see Test 207, Fig. 6).

As a preamble to the aerosol experiments in a steam environment,
two U3O8 aerosol experiments were conducted in a relatively moist
environment. Water was evaporated into the NSPP vessel to produce an
environment with a relative humidity of >95% at a temperature of
approximately 323 K. The l^Og aerosol was then generated and introduced
into this atmosphere; aerosol mass concentration as a function of time
for these two experiments is contained in Fig. 3. The aerodynamic
behavior of the U3O8 aerosol in the vessel was not greatly different
from that observed in the dry atmosphere experiments. However, scan-
ning electron microscopy revealed that the aerosol no longer existed
as intermingled branched chains but as spherical clumps of particles
(see Test 208, Fig. 6).

Five experiments were conducted to investigate the behavior of
U3O8 aerosols in a steam environment. The vessel was heated and the
steam environment was produced by injecting steam for a period of
about one hour. When the desired temperature was reached, the steam
injection rate was reduced and the accumulated steam condensate was
drained from the vessel. Steam injection at the low rate was continued
for either two or six hours to replace steam losses to the vessel
walls. U3Og aerosol was generated and introduced into this quasi-
steady state environment. In the first three experiments an aerosol
concentration gradient was noted during the early stages of the
experiment; the aerosol mass concentration was greater by a factor of
2-3 in the upper region of the vessel than in the lower region. A
small fan-mixer was installed near the bottom of the vessel and
utilized during the last two experiments. Mixing of the U3O3 aerosol
within the steam atmosphere was enhanced. The initial aerosol mass
concentration was varied from about 5 to 26 pg/cm3 over the five
experiments. After the first hour the aerodynamic behavior of U3O3
aerosol was essentially the same in all five experiments; the rate of
aerosol disappearance from Che vessel.atmosphere was very similar.
The aerosol mass concentration as a function of time for three of these
five experiments is given in Fig. 4. Scanning electron microscopy



showed the aerosol to be in the form of spherical clumps of particles
much the same as noted during the humid atmosphere experiments (see
Test 404, Fig. 6).

Comparison of the aerosol behavior in the three environments re-
veals that the rate of aerosol disappearance from the steam environment
is larger than in the dry or moist environments. The data contained
in Fig. 5 support this observation. The times required for 90% of the
maximum aerosol mass to disappear from the NSFP vessel atmosphere in
these three experiments are approximately: 100 min in the dry environ-
ment; 107 min from the moist environment; and 75 min in the steam
environment. The times required for 99% of the aerosol mass to disap-
pear would be approximately 340 min, 270 min, and 115 min, respectively.

It is clear that under the influence of a condensing steam environ-
ment, as would be present in LWR containment during and following an
accident, the U3O3 aerosol behaves in a manner different from that in
a dry or moist environment. This change in behavior could be the re-
sult of several factors, or combinations of these factors: a change
in aerosol morphology enhancing gravitational settling; influence of
steam flux toward the walls enhancing plateout; thermal factors in-
fluencing particle agglomeration; or currently unrecognized influences
of steam condensation.

Computer modeling of U3O8 aerosol behavior in a steam environment
is underway, both in this country and abroad, but no code is yet fully
operational that can account for the experimentally observed influence
of steam on the behavior of U3O3 aerosol in containment.

The results of this study may have several implications in the
field of nuclear safety. Removal of U3O3 (fuel) aerosols from reactor
containment following an accident should be beneficially enhanced.
Filtration of aerosols from the containment environment may be de-
graded because of the change in aerosol shape from chain- agglomerate
to spherical. Coagglomeration of aerosols and fission products may be
influenced both by the steam environment and the change in shape of
the aerosol. Finally, experimental observations of aerosol behavior
in dry atmospheres should not be construed to be the same in steam
environments.
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BEHAVIOR OF URANIUM OXIDE AEROSOLS IN
A STEAM-AIR ENVIRONMENT (RHMOO*)

COMPARISON OF THE INFLUENCE OF MOISTURE
ON THE BEHAVIOR OF URANIUM OXIDE
AEROSOLS IN A CLOSED VESSEL
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SEM PHOTOGRAPHS ILLUSTRATING INFLUENCE Of
MOISTURE ON PHYSICAL APPEARANCE OF
U3O8 AEROSOL

TEST 207; U3Oa AEROSOL IN A DRY ATMOSPHERE
(HH<205M; SAMPLED AT 113 {rain). 313 <K>; Mag. 200OX
( )

TEST 208: U3OS AEROSOL IN A MOIST ATMOSPHERE
(RH>95X); SAMPLED AT 73 {min>. 323 (Kl; Mag. 2O0OX
( 1 S >

TfcST 404; U3O8 AEROSOL IN A STEAM-AIR ATMOSPHERE
(RH~100%): SAMPLED AT 46 (mint. 385 (K); Mag. 4000X
(1cm
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