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SUMMARY

This data record report summarizes results from three sodium oxide aerosol behavior tests and
four uranium oxide aerosol behavior tests in the Nuclear Safety Pilot Plant (NSPP) project, which is
part of the Aerosol Release and Transport (ART) program at Qak Ridge National Laboratory
(ORNL), sponsored by the Nuclear Regulatory Commission-Advanced Reactor Safety Research
(NRC-ARSR). The sodium oxide aerosol tests constitute a continuation of a planned series of tests
utilizing both sodium spray and sodium pool fires as sources of aerosol. The uranium oxide aerosol
tests are also a continuation of a planned series. The uranium oxide aerosol was generated by a new
technique using an argon plasma metallizing torch, which produced higher aerosol mass concentrations
than heretofore possible with the previous generation technique. These data on sodium oxide and
uranium oxide aerosol behaviors will be used along with future NSPP data to provide experimental
validation of aerosol behavioral models being developed for NRC-ARSR.

Of the three sodium oxide aerosol tests, two involved sodium spray fires and the other, a sodium
pool fire. Aerosol mass concentration in the 40- to 45-ug/ cm’ range was achieved by the spray fires; the
small sodium pool fire test, which produced an aerosol concentration of 2.3 ug/cm’, was intended to
supplement previous tests in the 6- to 25-ug/ cm’ concentration range. The four uranium oxide aerosol
tests covered an aerosol concentration range from 0.7 to 5.6 ug/cm’ and supplemented previous tests
performed in the 0.04- to 0.20-ug/cm’ range.

In this data record report, a brief description of each test and its results in the form of tables and
graphsis given. Included are data on aerosol mass concentration, aerosol fallout rate, aerosol plateout
rate, cumulative mass fallout and plateout, aerosol particle size, vessel atmosphere pressure, vessel
atmosphere temperatures, thermal gradients near the vessel wall, and final aerosol distribution within
the vessel at the termination of the test.



SODIUM OXIDE AND URANIUM OXIDE AEROSOL
EXPERIMENTS: NSPP TESTS 106-108 AND
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ABSTRACT

This data record report describes three sodium oxide aerosol tests and four
uranium oxide aerosol tests conducted in the Nuclear Safety Pilot Plant project at Oak
Ridge National Laboratory. The goal of this project is to establish the validity (or level
of conservatism) of the aerosol behavioral code, HAARM-3, and follow-on codes
under development at the Battelle Columbus Laboratories for the U.S. Nuclear
Regulatory Commission. Descriptions of the seven tests with tables and graphs
summarizing the results are included.

1. INTRODUCTION

The Nuclear Safety Pilot Plant (NSPP) project is part of the Aerosol Release and Transport
(ART) program at Oak Ridge National Laboratory (ORNL), sponsored by the Nuclear Regulatory
Commission-Advanced Reactor Safety Research(NRC-ARSR). The NSPP project involves studying
the behavior in secondary containment environments of aerosols released under liquid-metal-cooled
fast breeder reactor (LMFBR) accident conditions. These accident conditions involve mixtures of
aerosols containing (1) both fuel and sodium oxides, (2) relatively high aerosol concentration, (3)
temperature and pressure transients due to sodium burning, (4) possible presence of moisture in the
secondary containment air atmosphere, and (5) continuous as well as instantaneous sources of aerosol.

The NSPP program presently focuses on establishing the validity (or level of conservatism) of the
aerosol behavioral code, HAARM-3, and follow-on codes under development for NRC at Battelle
Columbus Laboratories. Special emphasis is placed on the applicability of the codes for describing the
behavior of mixtures of aerosols and on the model features related to the effects of vessel size.

The test program provides for single-component aerosol tests using either sodium oxides or
uranium oxides to simulate fuel oxide aerosols. These tests will be followed by two-component aerosol
tests in which sodium oxides and uranium oxides will be mixed in varying proportions and time
sequences to study the interaction of the two individual aerosols as well as the composite behavior of the
aerosol mixture. Previous data record reports'” covered the first five sodium oxide aerosol tests, the
first four uranium oxide aerosol tests, and two preliminary mixed uranium oxide-sodium oxide aerosol
tests. This report covers three additional sodium oxide tests and four additional uranium oxide tests
which utilized a new aerosol generator. Future reports in this series will cover two-component mixed
oxide aerosol tests and additional special-purpose single-component aerosol tests.



2. NUCLEAR SAFETY PILOT PLANT (NSPP)

2.1 NSPP System

The NSPP 1s composed of a test vessel, aerosol generating equipment, analytical sampling and
system parameter measuring equipment, and a liquid spray decontaminating system A schematic
representation of the system 1s givenin Fig 1 The NSPP vessel 1s a stainless steel cylinder with dished
ends having a diameter of 3 05 m (10 ft), a total height of 5 49 m (18 ft), and a volume of 38 3 m® (1350
ft') The wall thickness of the vessel 1s 9 53 mm (0 375 1n ), the floor area1s 77 m* (82 9 ft*), and the
internal surface area (1including top and floor) 1s 68 9 m’ (741 6 ft’) The design temperature limitation 1s
150° C, while the design pressure hmitation 1s 0 41 MPa (60 psia)

2.1.1 Equipment for measurement of aerosol parameters

Aerosol mass concentration. Aerosol mass concentrations are obtained with two types of filter
samplers The in-vessel sampler 1s a self-contained unmit with 12 filter tubes, a sequential valve, and a
stepping motor, mechanical operation of this sampler 1s remote from the controlroom The other type,
the wall aerosol sampler (so-called because the sampler penetrates the vessel wall through a ball valve
and flange arrangement), s inserted and retrieved manually The sampling procedure for either type of
sampler requires drawing a measured volume of containment vessel atmosphere through a sampling
pack that contains four membrane filters in series The filter material 1s Millipore Fluoropore with a
0 5-poresize The quantity of uranium on each filter paper and associated metal parts 1s determined by a
fluorometric technique, the quantity of sodium 1s determined by atomic absorption spectroscopy

The locations of the four 1n-vessel samplers and the three wall aerosol samplers are noted 1n
Table |

Table 1. Locations of aerosol mass concentration samplers

Distance from

Radial Radial distance
Sampler bottom
direction from centerline
[m (ft)]
In-vessel 151 East 415 (136) 058 m (190 ft)
In-vessel 152 Southeast 415(136) 106 m (3 48 ft)
In-vessel 153 East 280(92) 109 m (3 58 t)
In-vessel 154 Southeast 134 (44) 111 m(364ft)
Wall 155 South 415(136) 061 m (20 ft)
Wall 156 Southeast 280(92) 25 mm (1 in ) from wail
Wall 157 Southwest 280(92) 106 m (348 ft)

Aerosol fallout rate. Aerosol fallout rate s determined with an incremental, retrievable coupon
sampler This system also penetrates the vessel wall through a ball valve and flange arrangement The
sampler is located in the southwest quadrant at 51 mm (2 1n ) from the vessel walland s ~0 56 m (1 83
ft) above the low point of the vessel floor

Aerosol plateout rate. Aerosol plateout rate 1s determined with an incremental, retrievable
coupon sampler, the coupon, which 1s in the form of a disk, fits flush with the vessel wall This system
penetrates the vessel wall through a ball valve and flange arrangement and 1s located 1n the northeast
quadrant ~2 92 m (9 6 ft) above the low point of the vessel floor




\'d

IN~-PLACE

DECONTAMINATION
(4 SYSTEMS)

FLOW METERING {

ARGON

¢__A£_;+

IN-VESSEL
SAMPLER

] WALL SAMPLER

AEROSOL SIZE
SAMPLER

Na
TRANSFER
TANK

PLATEOUT
SAMPLER

FALLOUT
SAMPLER

ORNL-DWG 80-5543R
TO

U;0g AEROSOL
GENERATOR oo

STACK 4
S 4
SAMPLER
[ POWER
[ SUPPLY
VENTURI
PLASMA TORCH SCRUBBER

Ta

LT\

Fig. 1. Nuclear Safety Pilot Plant (NSPP) flow sheet.

N
.‘li > TO WEIGH TANK
AND WASTE SYSTEM

DECONTAMINATION

-7



Total fallout collectors. Totalfallout1s determined with six shallow dishes, 65 mmdiam (2 561n ),
placed along a vessel radius near the bottom of the vessel within the northwest quadrant The dishesare
placed ~30 mm (1 2 1n ) apart, the edge of the first dish1s 13 mm (0 5 1n ) from the wall The exposed
collectors are retrieved with remote tools at the end of sampling operations before hqud spray
decontamination of the vessel interior

Total plateout collectors. Total plateoutis determined with three flat disks, 61 mmdiam(2 381n),
mounted flat on the vessel wall One disk 1s mounted on the east side of the vessel at an elevation of 0 76
m{(2 5 ft) from the low point of the vessel bottom The other two disks are mounted on the west side of
the vessel, 0 76 and 2 67 m (2 5 and 8 75 ft), respectively, from the bottom of the vessel These exposed
disks are also retrieved with remote tools along with the total fallout collectors

Aerosol particle size. Aerodynamic particle size 1s measured with a cascade impactor (Andersen
Mark l1I Particle Sizing Stack Sampler) This is an eight-stage impactor, operating at a gas flow of 2 36
X 10 *m'/s (0 5 cfm), and covers the acrodynamic particle diameter range from 0 54 to 13 6 um The
samphing locationisin the southwest quadrant at 0 457 m(1 5 ft) from the vessel wallat ~2 9 m (9 6 ft)
from the low point of the vessel floor

During the uranium oxide aerosol tests, samples are taken at the same location for electron
microscopy Theaerosol 1s deposited onto carbon-coated copper grids usinga Model 3100 Electrostatic
Aerosol Sampler (Thermo-Systems, Inc )

2.1.2 Equipment for measurement of system parameters

Temperature of the vessel atmosphere. Twelve thermocouples (Chromel-Alumel) are used for the
measurement of the vessel atmospheric temperatures Ateach ofthree elevations in the vessel, there are
four thermocouples, with one placed 1n each quadrant The elevations are 1 22,2 74, and 4 27 m (4,9,
and 14 ft) Thermocouple responses are recorded with both strip-chart recorders and a Digitrend data
logger

Wall temperature gradients. Two thermocouple arrays, each having five thermocouples, are
mounted near the wall, one at 2 7-m (9-ft) elevation on the east radius and the other at 1 2-m (4-ft)
elevation on the north radius The thermocouples 1n each array are located at 10,5,2 5,and I 25 mm
(039,02,01, and 0 05 in ) distance from the wall and on the wall surface, a sixth thermocouple 1s
located on the outer surface of the vessel at approximately the same location Thermocouple responses
are recorded with both strip-chart recorders and the Digitrend data logger

Vessel gas pressure. Vessel gas pressure 1s measured with a pressure cell The pneumatic signal 1s
converted to an equivalent electrical signal and recorded on a strip-chart recorder and with the

Digitrend data logger

2.1.3 Aerosol generating equipment

Sodium oxide aerosols. Two methods were used to produce sodium oxide aerosols Furst, to
simulate an aerosol produced by a sodium spray fire, heated sodium metal at 773 K (500°C) was
njected 1nto the test vessel via a single spray nozzle centrally located in the upper region of the vessel At
anelevation of 3 96 m (13 ft) from the low point of the vessel floor, the nozzle and its spray were directed
downward The average sodium droplet diameter, estimated from the manufacturer’s literature on
water sprays, was approximately 480 um




Using the second method, sodium oxide aerosols from a pool fire were produced by injecting
heated sodium at 773 K (500° C) into a preheated burn pan[0.5 m”(5.34 ft*)] located near the bottom of
the vessel.

Uranium oxide aerosols. In previous tests, the uranium oxide aerosol was generated by
consuming a uranium metal electrode in a dc arc.” The aerosol concentration produced was low, 0.2
ug/cm’ or less. For the tests covered in this report, an alternate generation method, developed by
another group withinthe ART program,’ was adapted to the NSPP system. Essentially, the generator is
composed of a METCO Model 7M Plasma Flame Spray System and a special water-cooled
combustion adapter head through which uranium metal powder and oxygen gas are added to theargon
plasma flame. The resulting mix of high temperature, uranium metal vapor, and oxygen combine to
produce an aerosol of uranium oxide (U3Os). With this generator, aerosol concentrations up to about 6
pg/cm’ have been achieved.

2.2 NSPP Test Procedures
2.2.1 Sodium oxide aerosol tests

Each of the sodium oxide aerosol tests has followed essentially the same procedure. The vessel
atmosphere was air at an initial relative humidity of <20%. The sodium inventory, contained in the
sodium transfer tank, is heated to about 773 K (500° C) and then transferred to the heated spray nozzie
or heated sodium burn pan by argon gas pressure. The resulting sodium oxidation produces the oxide
aerosol, and its behavior is monitored for 24 h(Tests 106 and 107) or 48 h (Test 108). The burn pan was
allowed to cool to about 473 K (200°C) and then maintained at that temperature for about 10 h to
maintain convection currents and to ensure mixing of the aerosol. At the conclusion of the 24-h test
period, the vessel is purged with dry filtered compressed air; all gases leaving the vessel are discharged
into the off-gas disposal stack by way of a water scrubber. During this step, a gas sample is taken
through a filter pack to determine the amount of sodium oxide aerosol contained in these gases. This
step is omitted when the test duration is 48 h; the amount of aerosol remaining airborne at 48 h is
inconsequential. Next, the top of the vessel is opened and the various samplers within the vessel are
removed and photographs are taken of the interior. The top is replaced, and the vessel atmosphere is
purged with nitrogen to reduce the oxygen concentration to << 4% prior to operation of the water sprays
for vessel decontamination. The lowered oxygen concentration ensures against an energetic hydrogen-
oxygen recombination in the event any unoxidized sodium metal remains in the burn pan. The water
spray decontamination proceeds sequentially from the vessel floor to the sodium burn pan, the vessel
walls, and thetop head of the vessel. Each batch of decon water and rinse water is weighed and sampled
for analysis prior to disposal. From these data, a sodium material balance is obtained.

All of the aerosol sampling devices (filter packs, impactors, coupons) are disassembled, packaged,
and submitted to the ORNL analytical laboratory where the sodium content of each sample is
determined by atomic absorption spectroscopy.

2.2.2 Uranium oxide aerosol tests

Each of the four uranium oxide aerosol tests has also followed essentially the same procedure. The
vessel atmosphere was air at an initial relative humidity of <20%. Uranium oxide aerosol (U3Ogs) is
produced with the plasma torch generator, and the behavior of the aerosol within the vessel is



monitored for48 h The sodium burn pan, heated to a temperature of approximately 473 K (200°C), 1s
utilized to maintain convection currents within the vessel over the first 10 h of the test to ensure mxing of
theaerosol Atthe conclusion of the test pertod, the samplers are removed and photographs are taken as
in the sodium oxide tests The interior surfaces of the vessel are then remotely decontaminated with a
heated solution which 1s a mixture of oxalic acid, hydrogen peroxide, ammonum citrate, ammonium
hydroxide, and water The spray decontamination proceeds sequentially from the vessel floor to the
burn pan, the walls, and the top head of the vessel Each batch of decon solution and rinse water 1s
weighed and sampled for analysis prior to disposal All of the sampling devices are disassembled,
packaged, and submitted for uranium analysis by a fluorometric technique




3. DESCRIPTION OF INDIVIDUAL AEROSOL TESTS

3.1 Sodium Oxide Test 106

This was the second sodium spray fire test performed inthe NSPP The first test,' designated Test
105, utilized a sodium spray system centrally mounted near the bottom of the vessel with spray directed
upward Results from that test were inconclusive For this test, the single spray nozzle was centrally
located in the upper region of the vessel with spray directed downward Approximately 5 kg (11 1b) of
heated sodium was 1njected into the relatively dry (1nitial relative humdity <209%) vessel atmosphere
over a period of 3 min The observed pressure rise because of the burning sodium was 0 038 MPa (5 5
pst), a vertical temperature gradient existed for a short period of time with maximum temperatures of
653,573,and 413 K (380, 300, and 140°C) measured 1n the upper, middle, and lower regions of the vessel
Approximately 10 min after termination of the sodium spray, the pressure and temperature transients
had disappeared Early aerosol mass samples were not obtained because of a malfunction of the
n-vessel sampling system Posttest examination revealed that electrical control had been lost as a result
of the impact of burning sodium on some exposed electrical wiring The first filter samples were taken
with wall aerosol samplers at 17 min after start of sodium injection The average sodium oxide aerosol
mass concentration at that time was found tobe4 2 ug/cm’ By extrapolation to the time of termination
of the sodium spray, an estimated maximum concentration of approximately 45 ug/ cm’ may be
obtained Sampling operations for aerosol particle diameter and fallout and plateout rates were more
successful Test duration was 25 h

3.2 Sodium Oxide Test 107

This test was conducted 1n a manner similar to that for Test 106 The sodium oxide aerosol was
produced by injecting 10 kg (22 1b) of heated sodium through the single spray nozzle over a period of 6 5
min The observed pressure rise was 0 043 MPa (6 3 ps1), again a vertical temperature gradient was
produced for a short period of time with maximum temperatures of 689, 643, and 480 K (416, 370, and
207° C) measured in the upper, middle, and lower regions of the vessel Approximately 14 min after
termination of the sodium spray, the pressure and temperature gradients had disappeared The first set
of 1n-vessel filter samples was taken at 2 S min after spray termination Again, electrical problems
developed 1n three of the four in-vessel samplers because of the exposure to high temperatures The
operable in-vessel sampler was located 1 34 m (4 4 ft) from the vessel floor Filter sampling with the wall
samplers was successful Extrapolation of theaerosol concentration sampler data to termination of the
sodium spray produced an estimated maximum concentration of 42 ug/cm’ Test duration was 24 h

3.3 Sodium Oxide Test 108

The purpose of this test was to study the behavior of a low-concentration sodium oxide aerosol
under dry atmospheric conditions This test completed the series of tests on sodium oxide aerosols
produced by pool fires Earlier tests in this series have been reported previously ' The aerosol was
generated by a sodium pool fire of 045 kg (1 Ib) of heated sodium metal which persisted for
approximately 2 to 2 5 min The initial vessel atmosphere was air at a relative humdity of <20%, and
the 1mtial pressure and temperatures were slightly above ambient because of the preheating of the
sodium burn pan and delivery lines A maximum aerosol concentration of 2 3 ug/cm’ was measured at
10 min after imitiation of the pool fire Test duration was 48 h



3.4 Uranium Oxide Test 204

This test was the first of a series to study the behavior of a uranium oxide aerosol at concentrations
higher than those produced with the dc arc generator. The first attempt to perform Test 204 with the
newly installed plasma torch generator failed due to clogging of the very fine uranium metal powder in
the powder feed system supplying the plasma torch. Modifications were then made to the powder feed
system and a second attempt was made. This second attempt was more successful even though some
powder clogging was again encountered. The generator was operated for 20 min although most of the
aerosol production occurred in the first 7 min. The first measured aerosol mass concentration at 4 min
after termination of generator operation was 0.7 ug/cm’. Test duration was 48 h.

3.5 Uranium Oxide Test 205

For this test, uranium metal powder with a larger particle size was used in an effort to circumvent
the powder clogging problems encountered during Test 204. Aerosol generation was terminated after 5
min because of a severe reduction in powder injection rate. An estimated 0.2 kg (0.44 1b) of uranium
powder was injected into the combustion chamber during this period. Posttest examination revealed
that the powder injection problem was because of uranium oxide plugging of the exits of the capillary
powder feed tubes within the generator’s combustion chamber. The first measured aerosol concen-
tration at 5.5 min after termination of generation was 2.7 ug/ cm’: extrapolation to the time of
termination of generation gave an estimated maximum aerosol concentration of approximately 4
ug/cm’. Duration of the test was 48 h.

3.6 Uranium Oxide Test 206

Modifications were made to the capillary powder supply tubes of the generator before conduct of
this test. The powder feeder was charged with 1 kg (2.2 1b) of uranium metal powder. All of this material
was injected into the plasma torch generator during a 9.3-min period. At 5.3 min after termination of
the generation, the aerosol concentration was measured to be 3.8 ug/cm’; extrapolation to time of
termination of generation gave an estimated maximum concentration of about 5.6 ug/cm’. Test
duration was 48 h.

3.7 Uranium Oxide Test 207

This test differed from the previous tests in that aerosol mass samples were taken during theaerosol
generating period to define the early increase in aerosol concentration. The powder feeder was charged
with 2 kg (4.4 1b) of uranium metal powder. All of this material was injected into the plasma torch
generator during a 26-min period. The aerosol concentration achieved was not as large as was
anticipated. Posttest examination revealed that a large quantity of uranium oxide had accumulated in
the outlet of the generator. The maximum measured aerosol concentration was 3.2 ug/cm’ at 23 min
after start of aerosol generation. Test duration was 48 h.




4. RESULTS FROM INDIVIDUAL AEROSOL TESTS

The results from each test are summarized in tables and graphs in this section. At the beginning of
each section, a table is presented listing test parameters, parameters measured, and a summary of test
results. Following each of these initial tables are graphs and numbered tables reporting aerosol mass
concentrations, fallout and plateout rates, cumulative mass fallout and plateout, aerosol particle size,
vessel pressure, vessel atmosphere temperatures, and temperature gradients near the vessel wall as
functions of time. Time is measured from the start of aerosol generation. To aid in interpretation of
these graphs and tables, the following comments are offered.

Mass concentration. Results for all seven mass concentration filter samplers are presented in one
graph for Tests 108 and 204-207. For Tests 106 and 107, only results from operable samplers are
presented. Values of mass concentrations for UsOg or Na,O within the vessel atmosphere are computed
under vessel atmospheric conditions existing at the time of the sample. The legend on the graphs lists the
elevation and the radial distance from centerline for all samplers. The radial direction of each sampler is
given in Table 1.

Aerosol fallout and plateout rates; cumulative values for fallout and plateout mass. The data
reported in these graphs were obtained from the coupon samplers. An average fallout or plateout rate
was computed from the mass of aerosol deposited on the coupon during the exposure period. The
sample time is taken as one-half the exposure period added to the time at the start of the sample.

Values for cumulative mass fallout or plateout were computed by multiplying the fallout and
plateout rate by the time of exposure of the coupon and the appropriate area within the vessel.

Acerosol particle size. The data presented were derived with an Andersen Mark 11 Particle Sizing
Stack Sampler (cascade impactor). The raw data were processed to the extent necessary to produce the
tables included in this report.

Vessel gas pressure. Forall the tests, theinitial gas pressure was atmospheric (0 psig). During Tests
106-108, the primary pressure rise was produced by burning the sodium. During Tests 204- 207, a slight
initial pressure rise was produced by heat from the plasma torch generator and the heated burn pan used
to maintain convection currents. However, the second pressure rise in Tests 204-207, noted after about
3000 s, is due to the heat from the burn pan. The graphs depict gas pressure as a function of time after
start of aerosol generation, except in the case of Test 108, where time starts at 47 s after start of aerosol
generation.

Vessel gas temperatures. Three graphs are presented displaying the temperatures within each of
the four quadrants at three different elevations. The legend on each graph gives the elevation measured
from the vessel midplane and the radial distance from the centerline of the vessel. An elevation of +1.5
m from midplane is 4.27 m (14 ft) from the bottom of the vessel; the elevation at midplane is 2.74 m (9 ft),
and the elevation at —1.5 m is 1.22 m (4 ft) from the bottom of the vessel. One thermocouple at the
+1.5-m level (TE 4-7) is near the exit from the plasma torch aerosol generator and senses the heat of the
plasma flame; consequently during uranium oxide aerosol generation, this thermocouple indicates a
temperature higher than others located at this elevation. Also, for Test 108, time begins at 47 s after start
of sodium pool fire.

Temperature gradient at vessel wall. Two graphs are presented to illustrate the temperature
gradients near the vessel wall on the north radius (—1.5 m from midplane of the vessel) and on the east
radius at the centerline. Two thermocouples measure the temperature on both the outside and inside
vessel wall; four other thermocouples measure temperatures at varying distances from the inside wall.
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Three additional graphs are also presented. Two of these graphs display the temperatures at
various distances from the wall at selected values of time from start of aerosol generation. A third graph
illustrates the magnitude of the temperature gradient (degrees Celsius per centimeter) at the two
thermocouple rake locations as a function of time. For runs 106 and 107, a large negative temperature
gradient may be noted at the —1.5-m elevation; this was caused by the impact of burning sodium on the
vessel wall near the thermocouple array which produces a wall temperature higher than that of the
nearby vessel atmosphere. This value is computed by subtracting the wall temperature from the
atmosphere temperature measured by the thermocouple at 0.125 cm and then dividing the result by
0.125 cm.

Posttest results. In this section, the total aerosol mass concentration achieved is listed. This value
is either measured at, or extrapolated to the time of termination of aerosol generation. The final aerosol
distribution (percent) at the end of the test is calculated from the total mass fallout and plateout as
determined by the tozal fallout and plateout samplers; the mass of airborne aerosol is measured by the
final filter samplers taken just prior to termination.
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Fig. 7. Temperature measurements at 1.5 m above vessel midplane—NSPP Test 106.
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Fig. 9. Temperature measurements at 1.5 m below vessel midplane—NSPP Test 106.
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Fig. 10. Temperature measurements near the vessel wall at vessel midplane—NSPP Test 106.
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Fig. 11. Temperature measurements near the vessel wall at 1.5 m below vessel midplane—NSPP Test 106.
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4.2 Summary and Data Graphs for Test 107

Aerosol source

Test aerosol used Na;O
Aerosol generator Spray fire
Duration of aerosol generation 65 min
Vessel atmosphere prior to aerosol generation
Oxygen level 21¢%
Relative humidity <20%
Temperature Ambient
Pressure Ambient
Duration of test operations 24 h
Aerosol parameters measured and figure number
Mass concentration of aerosol Fig 15
Aerosol fallout rate Fig 16
Aerosol plateout rate Fig 17
Cumulative mass fallout and plateout Fig 18
Aerosol particle size Table 3
System parameters measured and figure number
Vessel atmosphere pressure Fig 19
Vessel atmosphere temperatures Figs 20-22
Thermal gradients at vessel wall Figs 23-27
Posttest results
Maximum aerosol concentration achieved 42 yg, cm’
Aerosol distribution at end of test
Sull suspended 1n vessel atmosphere 0001%
Plated onto internal surfaces 36 39
Settled onto vessel floor 63 7%
Table 3. Andersen impactor data—Test 107
Aerodynamic Sample No *
mass median
diameter 1 2 3 4 s 6 7
(um) (12 7 mn) (30 min) (75 mun) (145 min) (226 min) (380 min) (558 min)
137 969 819 886 96 8 99 3 99 4 98 8
85 911 69 8 806 922 96 5 982 978
58 68 7 509 594 69 8 80 1 867 937
40 497 362 42 6 4990 60 4 68 8 796
25 26 6 213 244 266 352 412 448
13 102 82 120 143 21s 221 76
078 42 42 82 120 190 191 1S
053 33 38 76 116 186 160 0

“Percent of mass associated with diameters smaller than indicated size
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Fig. 15. Aerosol mass concentrations vs time—NSPP Test 107.
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Fig. 20. Temperature measurements at 1.5 m above vessel midplane—NSPP Test 107
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Fig. 21. Temperature measurements at vessel midplane—NSPP Test 107.
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Fig. 22. Temperature measurements at 1.5 m below vessel midplane—NSPP Test 107.
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Fig. 23. Temperature measurements near the vessel wall at vessel midplane—NSPP Test 107.
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Fig. 24. Temperature measurements near the vessel wall at 1.5 m below vessel midplane—NSPP Test 107.
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4.3 Summary and Data Graphs for Test 108

Aerosol source

Test aerosol used Na;O
Aerosol generator Pool fire
Duration of aerosol generation 2-2 5 min
Vessel atmosphere prior to aerosol generation
Oxygen level 21%
Relative humidity <20%
Temperature Ambient
Pressure Ambient
Duration of test operations 48 h
Aerosol parameters measured and figure number
Mass concentration of aerosol Fig 28
Aerosol fallout rate Fig 29
Aerosol plateout rate Fig 30
Cumulative mass fallout and plateout Fig 31
Acrosol particle size Table 4
System parameters measured and figure number
Vessel atmosphere pressure Fig 32
Vessel atmosphere temperatures Figs 33-35
Thermal gradients at vessel wall Figs 36-40
Posttest results
Maximum aerosol concentration achieved 23 yg/cm3
Aerosol distribution at end of test
Sull suspended 1n vessel atmosphere 0 002%
Plated onto internal surfaces 52 7%
Settled onto vessel floor 47 3%
Table 4. Andersen impactor data—Test 108
Aerodynamic Sample No °
mass median
diameter 1 2 3 4 5 6 7
(um) (23 5 min) (56 6 min) (111 min) (231 min) (350 min) (596 min) (1445 mun)
137 99 6 96 7 992 99 7 99 8 997 993
85 98 4 905 96 1 98 8 99 6 99 5 989
58 887 76 8 739 849 933 98 9 98 2
40 704 453 370 595 751 920 973
25 266 153 129 235 312 60 8 891
13 42 40 29 28 58 253 298
078 18 23 14 11 18 184 155
053 16 21 12 09 IS 181 137

“Percent of mass associated with diameters smaller than indicated size
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Fig. 28. Aerosol mass concentrations vs time—NSPP Test 108.
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44

ORNL-DWG 80-5754 ETD

g
14.0

PRESSURE, PA.
weo uoo  uze

1qao

.
2-
L r"’TT1' LJ T §¥ ¥ T V9y T ¥ ¥ ¥ 3T %9 £ 4 L] L LA AR
10' 10" 10° 10
TIME, SEC.

Fig. 32. In-vessel pressure vs time—NSPP Test 108.
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Fig. 34. Temperature measurements at vessel midplane— NSPP Test 108.
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Fig. 37. Temperature measurements near the vessel wall at 1.5 m below vessel midplane—NSPP Test 108.
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Fig. 39. Temperature profile near the vessel wall at 1.5 m below midplane for various times after start of aerosol
generation—NSPP Test 108.



52

el
q
e ¥
w
o
®
2 &
O
2
T
e
&g -4
&
HE
! (@)
P 7
nA | 3
LI
HE g
=
S
S f e
% i
i 3
fa o A
" L 9
]
! m
—— o
= — T S
QoL 000 o0S ooy 00

WO/0 HAA'INIIAVYD TANIVIAINAL

Fig. 40. Temperature gradient at the vessel wall for two elevations—NSPP Test 108.



53

4.4 Summary and Data Graphs for Test 204

Aerosol source

Test aerosol used UsOs
Acrosol generator Plasma torch
Duration of aerosol generation 2-20 min

Vessel atmosphere prior to aerosol generation

Oxygen level 21%
Relative humidity <20%
Temperature Ambient
Pressure Ambient
Duration of test operations 48 h

Acerosol parameters measured and figure number

Mass concentration of aerosol Fig. 41
Aerosol fallout rate Fig. 42
Acrosol plateout rate Fig. 43
Cumulative mass fallout and plateout Fig. 44
Aerosol particle size Table 5

System parameters measured and figure number

Vessel atmosphere pressure Fig. 45
Vessel atmosphere temperatures Figs. 4648
Thermal gradients at vessel wall Figs. 49-53

Posttest results

Maximum aerosol concentration achieved 0.7 ug/cm’
Acerosol distribution at end of test
Still suspended in vessel atmosphere 0.003%
Plated onto internal surfaces 60.0%
Settled onto vessel floor 40.0%

Table 5. Andersen impactor data—Test 204

Aerodynamic Sample No.”
mass median
diameter t 2 3 4 5 6 7
(um) (27 min) (47 min) (87 min) (177 min) (347 min) (586 min) (1458 min)
137 99.6 99.6 99.0 98.3 97.1 99.1 99.2
8.5 99.4 99.3 98.5 97.5 96.2 98.8 99.0
5.8 98.7 97.6 96.8 91.6 92.7 97.9 98.6
4.0 97.8 91.2 89.3 74.1 74.9 92.6 979
25 93.2 65.7 62.1 38.6 443 62.7 92.5
1.3 58.3 28.9 26.0 7.9 7.2 16.9 29.7
0.78 18.0 7.5 4.0 0.9 1.1 2.6 52
0.53 1.7 0.2 0.6 0.1 03 0.5 1.5

“Percent of mass associated with diameters smaller than indicated size.
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Fig. 41. Aerosol mass concentrations vs time—NSPP Test 204.
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Fig. 42. Fallout rate vs time—NSPP Test 204.
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Fig. 45. In-vessel pressure vs time—NSPP Test 204.
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Fig. 46. Temperature measurements at 1.5 m above vessel midplane—NSPP Test 204.
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Fig. 48. Temperature measurements at 1.5 m below vessel midplane—NSPP Test 204.
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Fig. 50. Temperature measurements near the vessel wall at 1.5 m below vessel midplane—NSPP Test 204.
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4.5 Summary and Data Graphs for Test 205

Aerosol source

Test acrosol used U304
Aerosol generator Plasma torch
Duration of aerosol generation 5 min

Vessel atmosphere prior to aerosol generation

Oxygen level 21%
Relative humidity <20%
Temperature Ambient
Pressure Ambient
Duration of test operations 48 h

Aerosol parameters measured and figure number

Mass concentration of aerosol Fig 54
Acerosol fallout rate Fig 55
Aerosol plateout rate Fig 56
Cumulative mass fallout and plateout Fig 57
Aerosol particle size Table 6

System parameters measured and figure number

Vessel atmosphere pressure Fig 58
Vessel atmosphere temperatures Figs 59-61
Thermal gradients at vessel wall Figs 62-66

Posttest results

Maximum aerosol concentration achieved 4 ;4g/cm3
Acerosol distribution at end of test
Still suspended 1n vessel atmosphere <002%
Plated onto internal surfaces 56 3%
Settled onto vessel floor 437%

Table 6. Andersen impactor data—Test 205

Aerodynamic Sample No *

mass median
diameter 1 2 3 4 5 6 7

(um) (13 min) (36 min) (79 min) (182 min) (345 min) (549 min) (1531 mun)

137 98 8 971 979 742 790 843 857
85 971 934 951 572 69 0 762 776
58 924 807 829 458 518 654 64 6
40 818 651 712 361 422 564 536
25 60 6 434 48 4 259 310 436 393
13 279 188 169 145 136 195 174
078 102 62 31 65 27 66 62
053 28 06 07 06 14 18 17

“Percent of mass associated with diameters smaller than indicated size



10°

1

107

CONC., uG/cM?

107

10"

L4 4l

68

ORNL~-DWG 80-5776 ETD

LEGEND

o =3-151 ELEV: 415M RAD: 580MM
©=35-152 ELEV: 4.15M RAD: 1.06M

s =3-153 ELEV: 28M RAD: 1.09M
+=35-154 ELEV: 1.38M RAD: 1.1IM

x =5-155 ELEV: 415M RAD: 610MM

o =3S-156 ELEV: 28M 25MM FR WALL
v =S-157 ELEV: 28M RAD: 1.06M

410"

oxXa

4

“1d 10’ 10*
TIME, S

Fig. 54. Aerosol mass concentrations vs time—NSPP Test 205.

LARELEAR ] LS LEELS T T iT vy v A LR |

10




69

ORNL-DWG 80-5777 ETD

10°

hedo b bt ial
8]

A

-3

10

dod daat

1

i

10

A 4.3 413 3441

FALLOUT , MG/(S * M?)

10"

AW |

1

107"

3*10° {

rTrrTn ¥ Tt T my rrrToIrrr
a:1d 10° 10* 10*
TIME, S

Fig. 5. Fallout rate vs time—NSPP Test 205.



70

i ORNL—DWG 80-5778 ETD
— ]
J
by
Q-q
'-‘-1
]
o
-
.
E/ -4
\
w -
=
~
e
)
o
@7
= o
<]
-
A
-4
1
+*
=)
—] o
o
-
rn 'TT"[ 1 T TTY'!V[ T T fffllr]
4~1d 10° 10 10°
TIME, S

Fig. 56. Plateout rate vs time—NSPP Test 205.




71

ORNL—-DWG 80-5779 ETD

= —
Ci
=
-
Qo
=l
£~
<
-
Ay
@
Q
£
=9
9%
-
3
A
4
LEGEND
0 = FALLOUT
1 s = PLATEOUT
)
o
* lrl’rTr T Lil ﬁr'l"] T LI Iﬁ!'ll"
410 10° 10* 10°

TIME, S

Fig. 5§7. Cumulative fallout and plateout mass vs time—NSPP Test 205.



0

PRESSURE, PA.

72

ORNL—-DWG 80-5780 ETD

Q
p
5]
2
s
a
§~
e
-~
z
(-]
g PRESSURE VS TIME
I—Ilii_ft‘. L] "TI’IT‘_TI' L TT"Y_'_I_“ oy fT'llI‘]’
10 10 10 10 10
TIME, SEC.

Fig. 58. In-vessel pressure vs time—NSPP Test 205,




73

S ORNL-DWG 80-5781 ETD
o
L -
TE 4—1 300MM R, +15M ELEV.
TE 4-2 107M R, +1.5M ELEV.
4 TE 4-7 965MM R, +1.5M ELEV
S | —— —— -TE 4-21 610MM R, +1.5M EL.
©
Qe /l
El 3- //II \\‘
)
&7 - \
me e ‘
= \
[ e [l
< ’ H
m \
» \
Sa !
Mg \
[ Y
] “\
g1 N
)
° L L] L4 T LIS § " 1 ¥ T Ll L T 1 ¥ ]' Ll L v LI L] LELARI [
10" 10° 10°
TIME, SEC

10*

Fig. 59. Temperature measurements at 1.5 m above vessel midplane—NSPP Test 205.
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Fig. 62. Temperature measurements near the vessel wall at vessel midplane—NSPP Test 205.
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Fig. 63. Temperature measurements near the vessel wall at 1.5 m below vessel midplane—NSPP Test 205,
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4.6 Summary and Data Graphs for Test 206

Acerosol source

Test aerosol used U;Os
Acrosol generator Plasma torch
Duration of aerosol generation 93 min
Vessel atmosphere prior to aerosol generation
Oxygen level 21%
Relative humidity <20%
Temperature Ambient
Pressure Ambient
Duration of test operations 48 h
Aerosol parameters measured and figure number
Mass concentration of aerosol Fig 67
Aerosol fallout rate Fig 68
Aerosol plateout rate Fig 69
Cumulative mass fallout and plateout Fig 70
Aerosol particle size Table 7
System parameters measured and figure number
Vessel atmosphere pressure Fig 71
Vessel atmosphere temperatures Figs 72-74
Thermal gradients at vessel wall Figs 75-79
Posttest results
Maximum aerosol concentration achieved 56 ug/ cm’
Acrosol distribution at end of test
Still suspended 1n vessel atmosphere <001%
Plated onto internal surfaces 35%
Settled onto vessel floor 65%
Table 7. Andersen impactor data—Test 206
Aerodynamic Sample No ¢
mass median
diameter 1 2 3 4 5 6 7
(um) (17 min) (38 5 min) (81 min) (190 min) (345 min) (504 min) (1451 mn)
137 940 957 96 6 98 | 993 989 786
85 86 1 927 930 96 5 98 6 98 1 66 4
58 774 835 813 895 970 960 583
40 66 7 663 64 5 744 862 888 495
25 518 444 403 444 554 609 429
13 256 194 140 147 179 97 383
078 77 38 38 18 18 32 346
053 11 02 02 0s 05 12 28 7

“Percent of mass associated with diameters smaller than indicated size
*Total U;0s found 1n impactor was 52 ug, insufficient for accurate sizing
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Fig. 74. Temperature measurements at 1.5 m below vessel midplane—NSPP Test 206.
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Fig. 75. Temperature measurements near the vessel wall at vessel midplane—NSPP Test 206.
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Fig. 76. Temperature measurements near the vessel wall at 1.5 m below vessel midplane—NSPP Test 206.
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Fig. 77. Temperature profile near the vessel wall at midplane for various times after start of acrosol generation (note that the
distance is measured from the inside wall toward the center of the vessel)—NSPP Test 208.
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Fig. 78. Temperature profile near the vessel wall at 1.5 m below midplane for various times after start of aerosol
generation—NSPP Test 206.
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Fig. 79. Temperature gradient at the vessel wall for two elevations—NSPP Test 206.
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4.7 Summary and Data Graphs for Test 207

Aerosol source

Test aerosol used
Aecrosol generator

Duration of aerosol generation

Vessel atmosphere prior to aerosol generation

Oxygen level

Relative

humidity

Temperature

Pressure

Duration of test operations

Aerosol parameters measured and figure number

Mass concentration of aerosol

Aecrosol fallout rate
Acrosol plateout rate

Cumulative mass fallout and plateout

Aerosol particle size

System parameters measured and figure number

Vessel atmosphere pressure

Vessel atmosphere temperatures
Thermal gradients at vessel wall

Posttest results

Maximum aerosol concentration achieved

Aerosol distribution at end of test
Still suspended in vessel atmosphere
Plated onto internal surfaces
Settled onto vessel floor

Table 8. Andersen impactor data—Test 207

U304
Plasma torch
26 min

21%
<20%
Ambient
Ambient

48 h

Fig. 80
Fig. 81
Fig. 82
Fig. 83
Table 8

Fig. 84
Figs. 85-87
Figs. 88-92

3.3 ug/cm’

0.01%
47.7%
52.3%

Aerodynamic Sample No.*

mass median
diameter | 2 3 4 5 6 7

(um) (25.2 min) (61.5 min) (108 min) (223 min) (346 min) (594 min) (1467 min)

13.7 89.1 96.5 92.1 96.2 96.4 99.0 95.1
8.5 81.4 91.0 86.3 91.8 93.2 97.9 93.7
5.8 72.5 79.7 76.8 81.3 88.1 95.8 923
4.0 62.1 67.9 62.4 59.3 78.0 93.0 89.2
2.5 50.1 48.8 38.4 38.9 59.7 80.3 83.7
1.3 32.0 23.0 21.0 19.3 38.7 48.8 61.8
0.78 19.0 10.2 9.2 8.5 18.7 23.2 31.3
0.53 11.4 4.2 24 2.5 6.8 8.4 7.9

“Percent of mass associated with diameters smaller than indicated size.
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Fig. 80. Aerosol mass concentrations vs time—NSPP Test 207.



FALLOUT , MG/(S * M)

97

ORNL-DWG 80-5803 ETD

10"

10"

10

10>

10™

3*10”

) D 8
=
3 D
]
(=]
-
-1
-
] o
i
-
-
.
T o
.
-
: a
:
IIIY_TTz L v L 'YITT] L LA as IUTll's
L}
4*1d 10 10 10
TIME, S

| " Fig. 81. Fallout rate vs time—NSPP Test 207.
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Fig. 82. Plateout rate vs time—NSPP Test 207.
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Fig. 83. Cumulative fallout and plateout mass vs time— NSPP Test 207.
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Fig. 84. In-vessel pressure vs time—NSPP Test 207.
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Fig. 85. Temperature measurements at 1.5 m above vessel midplane—NSPP Test 207.
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Fig. 86. Temperature measurements at vessel midplane—NSPP Test 207.



TEMPERATURE, DEG C

103

ORNL—-DWG 80-5809 ETD

1000

TE 4-6 1.07M R, —1.5M ELEV.
TE 4-20 607MM R,—1.5M ELEV.
----------- TE 4-22 787MM R,—1.5M ELEV.
2 ~—— ———-TE 4—24 127M R,—1.5M ELEV.

alu

30.0
L

ns
4

230
A4

10. L] v lIllili‘](’). LA ﬁrTrrlullo. ¥ r'r"j'].'OO
TIME, SEC

Fig. 87. Temperature measurements at 1.5 m below vessel midplane—NSPP Test 207.
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Fig. 88. Temperature measurements near the vessel wall at vessel midplane—~NSPP Test 207.
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Fig. 89. Temperature measurements near the vessel wall at 1.5 m below vessel midplane—NSPP Test 207.
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Fig.90. Temperature profile near the vessel wall at midplane for various times after start of aerosol generation (note that the
distance is measured from the inside wall toward the center of the vessel)—NSPP Test 207.
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Fig. 91. Temperature profile near the vessel wall at 1.5 m below midplane for various times after start of aerosol
generation—NSPP Test 207.
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Fig. 92. Temperature gradient at the vessel wall for two elevations—NSPP Test 207.
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