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. FOREWORD |

|
1 |

'
This report summarizes progress under the Liquid-Metal Fast Breeder'

Reactor (LMFBR) Aerosol Release and Transport (ART) Program [ sponsored by |

*
the Division of Reactor Safety Research of the Nuclear Regulatory Commis-

sion (NRC)] for the period July-September 1979.
Work on this program was initially reported as Volume III of a four- )

volume series entitled Quarterly Progress Report on Raactor Safety Pro- |
.

| grama Sponsored by the NRC Division of Reactor Safety Research. Prior '

,

reports of this series are

Report No. Period covered
;

ORNL/TM-4655 April-June 1974
ORNL/TM-4729 July-September 1974
ORNL/TM-4805 October-December 1974
ORNL/TM-4914 January-March 1975

,

ORNL/TM-5021 April-June 1975
'

*

Beginning with the report covering the period July-September 1975,

work under this program is now being reported as DIFBR Aerosol Release and
# Transport Program Quarterly Progress Report. Prior reports under this

,

,

; title are
|

Report No. Period covered )

ORNL/NUREG/TM-8 July-September 1975
ORNL/NUREG/TM-9 October-December 1975
ORNL/NUREG/TM-35 January-March 1976
ORNL/NUREG/TM-59 April-June 1976
ORNL/NUREG/TM-75 July-September 1976
ORNL/NUREG/TM-90 October-December 1976;

ORNL/NUREG/TM-ll3 January-March 1977
ORNL/NUREG/TM-142 April--June 1977
ORNL/NUREG/TM-173 July-September 1977
ORNL/NUREG/IM-193 October-December 1977 I

ORNL/NUREG/TM-213 January-March 1978 !
ORNL/NUREG/TM-244 April-June 1978 )

ORNL/NUREG/TM-276 July-September 1978 |

ORNL/NUREG/TM-318 October-December 1978 |

ORNL/NUREG/TM-329 January-March 1979
ORNL/NUREG/TM-354 April-June 1979

Copies of all these reports are available from the Technical Informa-

tion Center, Oak Ridge, Tennessee 37830.
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'
SUMMARY |

|
'

T. S. Kress
,

|
,

The Aerosol Release and Transport (ART) from the Liquid-Metal Fast
'

Breeder Reactor (LMFBR) Fuel Program at Oak Ridge National Laboratory

(ORNL) is designed to investigate the release, transport, and behavior

of radionuclides originating from a hypothetical core-disruptive accident

' (llCDA) in an LMFBR. The experimental program is being conducted in the

Fuel Aerosol Simulant Test (FAST) facility, the Nuclear Safety Pilot Plant

(NSPP) facility, and the Containment Research Installation-II (CRI-II)

facility. The analytical effort is designed to (1) support the experi-i

!

ments and (2) provide an independent assessment of the safety margins

that exist for assessment of the radiological consequences of an HCDA.

During this reporting period, 13 tests were performed in the FAST

facility, including seven tests in the FAST vessel and six tests in the

CRI-III vessel, which is part of the FAST facility.
,

The ceven FAST tests were underwater capacitor-discharge-vaporization

(CDV) dissassemblies of ~20 g UO2 samples. These tests were designed to,

I assess the dynamics of the disassembly process, including bubble forma-
1

| tion, bubble behavior, and attenuation and transport of the material

within the water. The primary variables in these tests were the water

pressure and the quantity (pressure) of xenon gas included within the sam-

ple. Rapid UO2 vapor condensation was observed, and insignificant amounts

of the UO2 were transported to the cover-gas region. Pressure oscilla-

tions were recorded that are believed to correspond to actual bubble os-

cillations. The oscillation frequency was observed to increase, as ex-

pected, with increasing water pressure.

Five of the six CRI-III tests were intended to establish whether or

not the electrical conductivity of UO2 changes when the UO2 melts. The
results indicate a decrease in electrical conductivity of UO2 n melting.
The remaining CRI-III test was one of a series in which we attempted to

use the exposure of motion picture film as an indicator of sample tempera-

tures during preheat and CDV discharge. This particular test utilized a

slower than usual preheat rate to try to prevent motion of the molten fuel
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| viii

:

from obscuring the sample viewing region. The slower heating rate did

not prove advantageous.;

.

In the secondary-containment nuclear-aerosol studies, results are
i reported for NSPP test 206 and test 303. Test 304 was also conducted

.
I during this reporting period, but the results are not yet available for

reporting.,

1

Test 206 was a single-component U 0s aerosol experiment using ta;3
'

plasma-torch aerosol generator in which a concentration of ~10 g/m3 was

achieved.

Test 303 was one of a series of experiments in which U 0s and Na2 x3 0

aerosols are mixed to study their composite behavior. The results indi-

cate that the two species are coagglomerating and acting together as a;

mixed-species aerosol. Further evidence for this interactive behavior
! was obtained in the CRI-II tests, in which we coated the particles with

a protective organic polymer before collecting them on grids for viewing
and photographing under scanning and transmission electron microscopes.|

.

Size distribution measurements and comparisons are also reported for the

| CRI-II tests using the spiral centrifuge and cascade impactors. s

i

!

l

|
,

!

i

|

|
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GLOSSARY OF ACRONYMS

*
eds ACRR Annular Core Research Reactor

ART Aerosol Release and Transport

: CDA core-disruptive accident

CDV capaci tor-di , charge vaporization

j CRI Containment Research Installation

FAST Fuel Aerosol Simulant Test

HCDA hypothetical core-disruptive accident

LMFBR Liquid-Metal Fast Breeder Reactor

NRC Nuclear Regulatory Commission
NSPP Nuclear Safety Pilot Plant

: ORNL Oak Ridge National Laboratory

I

|

.

I

i
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!
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U1FBR AEROSOL RELEASE AND TRANSPORT PROGRAM QUARTERLY
PROGRESS REPORT FOR JULY-SEPTEMBER 1979

o

T. S. Kress

o

ABSTRACT

This report summarizes progress for the Liquid-Metal Fast
Breeder Reactor (LMFBR) Aerosol Release and Transport program
sponsored by the Division of Reactor Safety Research of the
Nuclear Regulatory Commission for the period July-September
1979. Topics discussed include (1) recent capacitor-discharge-
vaporization (CDV) tests in the Fuel Aerosol Simulant Test fa-
cility conducted under water to evaluate the disassembly proc- l

ess including bubble dynamics and UO2 vapor condensation and
transport; (2) tests in the CRI-III vessel to evaluate UO2 tem-

,

peratures during melting and CDV discharge; (3) tests in the |
CRI-III vessel to establish UO2 electrical conductivity changes I
on melting; (4) single-component U 0c aerosol experiments and !3

two-component (U 0 8 and Na2 x) mixed-aerosol experiments in the03

Nuclear Safety Pilot Plant; (5) experiments in CRI-II using
mixed aerosols (U 08 and N0 02 x), in which attempts are made toa

3

coat the particles of the mixed aerosol, to preserve the char-
acteristics 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. 1

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

I

|

1. INTRODUCTION

The Liquid-Metal Fast Breeder Reactor (LMFBR) Aerosol Release and ;

Transport (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 radia-

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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|
i,

severity up to and including severe hypothetical core-disruptive accidents i

! (llCDAs ) .
: i ,

| The program is divided into several related experimental and analyt-

ical activities: |,

1. development of a capacitor-discharge-vaporization (CDV) system for

i deposition of energy in simulated LMFBR f .1 (UO ) that will provide I2
1

a nonnuclear means for studying the fuel reponse to IICDA-like energy ;

)
i depositions;

i
i

2. study of fuel interactions, expansion, and thermal behavior within the

sodium pool as the resultant fuel vapor bubble is produced and trans-

ported through the sodium to the cover gas region; ,

1i

3. development of alternative means for generating fuel-simulant aerosols I

on a relatively continuous basis;

4. study of the characteristics and behavior of fuel-simulant aerosols

j in several small vessels;

5. production and study of fuel-simulant and sodium aerosols in the Nu- '

clear Safety Pilot Plant (NSPP) for the validation of models, with
i

,

particular emphasis on the behavior of mixtures of the two nuclear-

aerosol species.;

Varying levels of effort are anticipated within these categories, I

with analytical modeling accompanying the experimental work. The analyt-'

ical requirements fall into three categories: (1) fuel response to high

rates of energy deposition, (2) fuel-bubble dynamic behavior and transport4
,

;
i

characteristics under sodium, and (3) dynamic aerosol behavior at high
concentrations in the bubble and containment atmospheres.

An attempt will be made to consolidate the an.: lyses and data and to,

:|
'

present them in a manner that will facilitate direct assessment of the
.i

i radiological hazard associated with arbitrary hypcthetical accident sce-
narios.

I

!
J

|

- ___ __ __. . - . _ _ - _ _ - - - _ - _ _ - .
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! 2. EXPERIMENTAL PROGRAM
:

*

: 2.1 Source Term and Simmer Verification
Experiments in FAST /CRI-III

.

A. L. Wright A. M. Smith
J. M. Rochelle

2.1.1 Introduction,

,

The Fuel Aerosol Simulant Tests (FAST) and the CRI-III tests are
performed by using the capacitor-discharge-vaporization (CDV) technique
to place uranium dioxide fuel samples into the high-energy states that

typif y LMFBR hypothetical core-disruptive accident levels. The primary

goals of the FAST /CRI-III test program are to (1) use the experimental re-

sults as a base for developing analytical models that could then be used

j to predict fuel transport through the coolant in accidents and (2) perform

experiments in support of the program to verify models in the Los Alamos
*

Scientific Laboratory SIMMER computer code.

During this quarter 13 tests were performed in the FAST /CRI-III fa-
t .

cility, including 7 tests in the FAST vessel and 6 tests in the CRI-III

| vessel. These tests were of the following types: |

|
'

l. a " preheat" test (CDV 82) performed in a vacuum environment as part
of the "Sandia Normalization" test effort;

|
2. five " heat-through-melt" tests (CDV 83 through 87) in which the level

of preheat was such that none of the pellets was expected to melt |

and the fuel then would be heated through melt during the capacitor-

discharge phase;

3. seven underwater tests in the FAST vessel (FAST 22 through 27 and

FAST 29).

Data for the 13 tests are presented in Tables 1 through 3. Individual

test results and conclusions are presented in Sects. 2.1.2, 2.1.3, and
,

2.1.4.

t

_ _ _ - - _ . . _ _ - - - - . . _ _ . - - - - - . _ _ _ - - - - - - - - - - - - , . - - - - - . - - - - - - - . . . .
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'

Table 1. Sanple data

|
- - - --- - __ _.-- - .

Pellet stack Pellet stack Microsphere Quartz tube Dimensions .

Test mass length mass ID OD
(g) (cm) (g) (cm) (cm)'.

I

FAST 22 17.59 9.15 31.06 0.972 1.66
| FAST 23 17.72 9.22 30.86 0.972 1.67
| FAST 24 17.63 9.16 30.41 0.971 1.66
I FAST 25 17.55 9.11 31.06 0.970 1.65
| FAST 26 17.54 9.12 31.80 0.970 1.66

FAST 27 17.89 9.29 30.28 0.969 1.65
FAST 29 17.68 9.19 31.98 0.972 1.65
CDV 82 21.73 10.08 35.43 0.970 1.61
CDV 83 17.84 9.28 31.36 0.968 1.66
CDV 84 17.60 9.15 31.46 0.970 1.63
CDV 85 17.75 9.23 31.38 0.972 1.66
CDV 86 18.04 9.37 31.73 0.973 1.67
CDV 87 17.70 9.19 32.51 0.973 1.64
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __

|

|
|

#
Table 2. High preheat, CDV charging data

j High preheat Sample resistance Number of Charging Initial bank *

Test power after high preheat capacitor voltage energy
(W) (G) banks charged (V) (kJ)

FAST 22 1700 0.45 4 1940 75
FAST 23 1700 0.44 4 1950 75'

FAST 24 1700 0.43 4 1950 75
FAST 25 1700 0.'' 4 1950 75
FAST 26 1275 0.s 4 1950 75
FAST 27 1275 0.78 4 1950 75
FAST 29 1700 0.50 4 1940 75
CDV 82 b b b b b
CDV 83 1200 0.91 5 1750 75 i

CDV 84 1000 1.5 5 1750 75 |
' CDV 85 900 2.1 5 174'S 75 i

CDV 86 1200 0.91 5 1750 75 |
CDV 87 1200 0.94 5 1745 75

! I#
For the FAST experiments high preheat was performed for 28 s, and there was a !

j 2-s time delay between preheat and capacitor discharge. The preheat schedules for |
| the CRI-III tests are discussed in the text. i

! b |
This was a preheat test; no capacitor discharge was performed.

i

i |
-

|

!

|

:

I
>

|
|

|
.. _ _ _ _ . _ _ . _ _ . _ _ . _ _ ._
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Table 3. Energy input, aerosol yield data

# #' CDV time CDV energy input Estimated initial Estimated initial
Test to arcing to arcing aerosol cone. aerosol mass

3(ms) (kJ) (pg/cm ) (g)
.

I

FAST 22 3. 2 35.7 0 0
! FAST 23 2.97 36.5 0 0
'

FAST 24 2.0 23.4 0 0
i FAST 25 3.0 35.2 0 0

FAST 26 4.88 42.2 0 0
FAST 27 3.42 31.7 0 0
FAST 29 3.08 32.6 0 0
CDV 82 b b b b
CDV 83 5.20 37.5 4.76 2.67

i CDV 84 4.34 21.7 2.86 1.60
j CDV 85 4.88 19.6 1.83 1.02
| CDV 86 10.16 61.5 12.23 6.85

CDV 87 4.48 35.0 5.76 3.23

#
For FAST experiments aerosol sampling was performed in the argon gas

I
space above the water. The aerosols formed in the CRI-III tests filled the

3vessel volume (0.56 m ).
This was a preheat test; capacitor discharge was not performed.a

,

,

, .

I 2.1.2 Results from CDV 82 preheat test performed
in a vacuum environment

i

1

| A series of experiments, designated the "Sandia Normalization" tests,
i
' performed at low vessel pressure (~100 pm Hg) in CRI-III, were completed

last quarter. In a number of these tests the debris produced by vaporiza-
tion after capacitor discharge was sampled using a spinning wheel collec-
tor developed at Sandia Labora;ory. Posttest evaluation of the wheel's

contents will permit determination of droplet sizes and velocities pro-

; duced. The goal of the tests is to compare the debris produced by elec-
.

l trical (CDV) energy with that produced at comparable neutron energy levels
! in Sandia's Annular Core Research Reactor (ACRR).

For these comparisons, it would be desirable to know the fuel tem-
I
i perature distributions after preheat and during capacitor discharge. The
i

temperature measurements give an independent indication of the fuel energy
levels produced and can be compared with calculations using models devel-
oped in the ART program. A photographic method, described in the previous
quarterly report,I is being tried for making these measurements.



, _ _ _ _ _ . _ _ _. _ . . _ . . _ . - _ _ . ._. _. _ __

4

1.
6

i

Normally, microspheres surround the entire fuel pellet stack in the

test assembly. To permit " viewing" of a portion of the pellets, the san-
,

| pie configuration shown in Fig. I was used in a number of the previously

i performed tests. Using this configuration, we had hoped to measure the
,

pellet surface and center temperatures.

In one of the preheat tests, CDV 78, we attempted to measure fuel
,

a

; pellet temperatures during the final ("high") preheat stage and during
1

j sample cooldown after high preheat. Observations of the motion pictures

indicated bright flashes at the pellet surface tSat were probably due to
!

l motion of the molten fuel. This apparent fuel motion disturbed the fuel

pellet surface as well as the hole in the pellet and made reliable tem-

; perature measurements impossible,

f The high preheat stage (at ~2200 W) usually follows a period at

500 W. We felt that the flashes in CDV 78 might have been due to the

abruptness of the change from 500- to 2200-W heating. In CDV 82 a dif-

ferent heating schedule was used. After the 500-W heating, the sample .

was heated at 1000 W for 20 s, then 1600 W for 20 s, and finally at 2200 W

,
for 28 s. The sample configurati . shown in Fig. I was again used, and .

!

| motion pictures were taken at 200 frames per second starting at the end

! of the 500-W heating stage. Again bright flashes were observed in the
i

I motion pictures made during the 2200-W heating stage. This result seems

j to indicate that the fuel motion was not due to the abruptness of the in-

crease in power to the sample, but was due simply to the level of power.

Calculations indicate that fuel pellet melting should occur at 2200 W.

More tests in the Sandia Normalization series are planned for Jan-

uary 1980. In these, a different fuel pellet viewing configuration will

be tried in an attempt to achieve accurate temperature measurements.

2.1.3 Discussion of results from heat-through-melt
tests performed in CRI-III

Measurements made by Kim et al.2 indicate a large increase (perhaps
a factor of 3) in the thermal conductivity of Uca on melting. Different

mechanisms have been hypothesized for such a conductivity increase, but

as yet there is no agreement as to which mechanism actually causes it.

Ilowever, phenomena that cause an increase in thermal conductivity may
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Fig. 1. Close-up of test assembly used in CDV 82. Shown is an exposed UO2
I pellet with a 0.16-cm-diam (1/16-in.) hole bored to its center. Also shown arei

; UO2 microspheres surrounding the remainder of the pellet stack.
:
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also cause a change (either increase or decrease depending on the mecha-
3nism) in the electrical conductivity. We have been asked if there were

'

any experiments we could perform with our CDV system that would permit at

icast a qualitative judgment of UO2 electrical conductivity changes as

| fuel is heated through melt. Such experiments could provide some insight

as to which mechanisms may be responsible for the increase in thermal con-

| ductivity.

Standard test procedure in the capacitor discharge experiments is to

perform high preheat at a level at which the pellets are essentially all

molten before capacitor discharge (this level was determined by sectioning

samples af ter preheat had been performed in some of the early CDV tests).

In the tests discussed here (CDV 83 through 87), preFeat levels used were

j such that the fuel was not expected to be melted af t er preheat. By evalu-

! ation of the capacitor discharge voltage and current data, then, we hoped

to determine whether or not there had been a change in electrical conduc-

tivity as the U02 passed through the melt stagc .
,

! CDV 83. The high preheat level for this test was 1200 W, which was
i

) maintained for 38 s. Data from the capacitor-discharge phase are presented .

in Figs. 2, 3, and 4. As shown in Fig. 3, the discharge current rises

(because of fuel heating and the accompanying decrease in sample resis-
tance), then becomes almost constant for a short time, and at ~2.92 ms
af ter the start of discharge decreases by ~20% over a short time period.

Figure 4 shows the measured overall sample resistance vs time for
'

CDV 83. Corresponding to the 20% current decrease at 2.92 ms, the resis-

| tance increases by ~20%. After this abrupt increase in resistance, which

occurred over a 0.'. ms time period, thr. resistance then decreased as a

function of time until 5.2 ms, when the sample breakup occurred.
CDV 84. High preheat was performed at 1000 W for 43 s; this power

level was lower than that used in CDV 83. As shown in Fig. 5, an ~20%

decrease in capacitor discharge current occurred at 3.78 ms after the

2 start of discharge. Sample breakup occurred shortly after the current de-
'

crease. Measurements indicated that the aerosol yield produced in CDV 84

was less than that produced in CDV 83 (see Table 3).

CDV 85. High preheat was performed at 900 W for 38 s. An ~50% de-

crease in discharge current (corresponding to an ~50% sample resistance

,

,

$

I

__ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ - ______- _ - - - - .--
-
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Fig. 2. Oscilloscope recording of voltage and current data from
CDV 83 (500 V/ Division, 5000 A/ Division, 1 ms/ Division).
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| Fig. 3. Expanded view of current data from CDV 83. Current at 2.92
ms af ter capacitor discharge is ~1.33 V x (5000 A/V) = 6650 A.
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Fig. 5. Expanded view of current data from CDV 84. Current at 3.78
1 ms a ter capacitor discharge is ~1.265 V x (5000 A/V) = 6325 A.f

I

increase) occurred at ~4.5 as after the start of capacitor discharge.

Sample breakup occurred shortly af ter 4.5 ms, and the aerosol yield was
,

less than in CDV 83 and 84.

CDV 86. Preheat and capacitor discharge settings for this test were

| the same as those used in CDV 83. As shown in Fig. 6, up to 5.2 ms after

capacitor discharge (when sample breakup occurred in CDV 83), the dis-

charge current results for CDV 86 closely resemble those found for CDV 83.

For CDV 86 the capacitor discharge energy input time of 10.12 ms was much

longer than the 2- to 5-ms input times that typically occur. Consequently,

the 61.5-kJ CDV energy input and the 6.85 g initial aerosol yield are

, amo.g the highest levels ever produced in the CRI-III tests.
1

.

CDV 87. In CDV 83 through 86 a 2-s delay between the end of preheat

| and the start of capacitor discharge was used. This 2-s delay is normally

used in the FAST and CRI-III experiments to try to reduce the temperature

gradient across the fuel pellets by allowing heat exchange from the cen-

tral region to the edges. A reduced gradient should result in a more even

deposition of energy to the pellet region during capacitor discharge.

The high preheat level for CDV 87 was 1200 W, the same as for CDV 83

and 86. However, in CDV 87 the 1200-W heating was maintained for 39.6 s,
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and the time delay between preheat and capacitor discharge was reduced

from the normal 2 s to only 0.4 s.
7

A comparison of capacitor-discharge-current data for CDV 86 and 87
|

1s shown in Fig. 7. The drop in current occurred at ~2.4 ms in CDV 87,
t

~0.5 ms earlier than in CDV 86.

i Summary of results, with preliminary conclusions. Table 4 summarizes

j some of the important data from CDV 83 through 87. A number of observa-

tions can be made from these data:

1. Decreasing the preheat power before capacitor discharge caused the

"CDV time to current drop" to increase.

2. Comparing CDV 83 and 87, reducing the time delay between preheat and

capacitor discharge reduced the "CDV time to current drop." Note that

the amount of cooling of the fuel during this time delay should de-

crease as the time delay is shortened.

i 3. The sample resistance at the time of current reduction was roughly the

i same for all five tests..

I

These three observations indicate that the drop in current is due to some'

e
unique phenomenon, possibly to a decrease in the electrical conductivity

,
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Fig. 7. Capacitor-discharge-current oscilloscope traces for CDV 86
and 87.
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| Table 4. Selected data from CDV 83 through 87

liigh preheat Time delay between CDV time to Sample resistance t
| Test power preheat and CDV current drop at this time
| (W) (s) (ms) (G )

! $

| CDV 87 1200 0.4 2. 4 0.225
CDV 83 1200 2 2.9 0.215
CDV 86 1200 2 3.06 0.210
CDV 84 1000 2 3.78 0.230

( CDV 85 900 2 4.5 0.253
|
|

|

of UO2 as it is heated through melt. Certainly, there was no indication

j in the tests of an increase in UO2 electrical conductivity as it was
; heated through melt (although if the decreased conductivity was not due
j to melting, an increase in conductivity could be hidden).
) More experiments, as well as detailed test analyses, are needed to
! conclude confidently that the observed decrease in the overall electrical '

conductivity in these tests was the result of a real char.ge in the mate-
rial resistivity. *

!2.1.4 Discussion of results from FAST water tests

During this quarter sevea water tests were performed in the FAST
facility. Most of these tests. were performed at conditions outlined in
the FAST experiment plan.'+ For all tests the water level above the fuel
vaporizer unit was 112 cm (44 in.), and the water temperature was ~298 K
(73*F). The main parameters varied in the tests were pressure of the

i

argon gas above the water and pressure of the xenon gas trapped inside
'

the vaporizer unit. A s.ummary of these pressure settings is presented in
Table 5.

In these tests measurements were made of the pressure pulses produced
by bubble expansion and contraction. These were made using a Kaman pres-

sure transducer mounted 22.9 cm (9 in.) from the test sample; signals were
recorded for >80 ms after capacitor discharge. High-speed motion pictures
of the tests were also taken. Finally, a few minutes after capacitor dis-
charge the argon gas above the water was sampled to determine if any fuel

_ __ _ _ _ _ _ - - - _ - - -- - ---- - -- - - - -
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Table 5. Value for argon cover gas
pressure, xenon gas pressure in the
fuel vaporizer unit used in FAST,

tests 22 through 27 and 29

#
Argon pressure Xenon pressure

Test'

! [MPa (atm)) [MPa (atm))

FAST 22 0.122 (1.20) 0.135 (1.34)i

FAST 23 0.123 (1.22) 0.135 (1.34)
FAST 24 0.122 (1.20) 0.135 (1.34)4

! FAST 25 0.128 (1.27) 0.513 (5.08)
FAST 26 0.125 (1.24) 0.513 (5.08)

! FAST 27 0.128 (1.27) 0.513 (5.08)
! FAST 29 1.029 (10.18) 1.063 (10.52)
|

} vapor or aerosol had been transported up through the water during the

test.

FAST 22. Preheat and capacitor discharge went smoothly in this test,,

and a large amount of energy (35.7 kJ) was input into the sample during;

capacitor discharge. The pressure trace recorded in this test is shown,

in Fig. 8. The early pulse was due to sample break-up and bubble forma-
i

tion, while the later pulses are due to bubble collapse and rebound. The
t
'

second pulse was nearly as large as the first, perhaps indicating the oc-

currence of a small fuel-coolant interaction with resultant water vapor-

. tion. No fuel aerosol was found in the argon cover gas af ter the test

j
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Fig. 8. Recorded pressure vs time data for FAST 22. Pressure pulses

occurred at 0.9, 58.3, and 86.8 ms after sample breakup and had magnitudes
of 1.45, 1.40, and 0.23 MPa (14.4, 13.9, and 2.2 atm) respectively. Pres-
sure was measured 22.9 cm (9 in.) away from the test sample.
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(this re.nuit held true for all seven FAST tests described here). The

high-speed cameras did not function properly, so no visual record was
,

obtained.

FAST 23. Conditions for this test were the same as for FAST 22. A g

high input of capacitor discharge energy again occurred. Qualitatively,

the pressure history was much like that produced in FAST 22, except that
the magnitude of the second pressure pulse was about half that produced

j in FAST 22. The high-speed cameras ran, taking motion pictures through
1

) the side port of the vessel and through a port at'the top of the vessel.
TST 24. Pretest conditions were the same as those in FAST 22 and ',

23. Though the CDV energy input was somewhat lower than in the previous
two tests, the recorded pressuru data looked much like that produced in
FAST 22 and 23.

FAST 25. The xenon pressure inside the fuel vaporizer unit was in-

creased to 0.513 MPa (5.08 atm), roughly five times the level used in the
previous three tests. A high CDV energy input was produced, but the '

! steel tube surrounding the fuel sample did not rupture efficiently. In

this test only two pressure pulses (as opposed to three in 23 and 24) '

) were observed during the 80-ms test-recording period. |

FAST 26. The argon and xenon gas pressure conditions for this test
!

were the same as those in FAST 25. The vessel interior was lit by shining |

| a high-intensity 2000-W 1 amp through the top port of the vessel. In pre- j

vious tests only about 10 ms of the time after sample breakup could be |
| |

filmed; we hoped this additional lighting would permit more of the experi-
ment to be photographed. |

Surprisingly, the CDV electrical data looked much like the data pro-
J duced in the tests described in Sect. 2.1.3. That is, as shown in Fig. 9,

i an ~20% drop in current occurred ~2.4 ms af ter the start of capacitor dis-
I

charge. After performing FAST 27, we observed that one of the circuit,

i

! breakers for the sample preheater had been tripped. As a result, instead
i of a high preheat of 1700 W (which is expected to melt the pellets), the
i
'

high preheat level for FAST 26 and 27 was 25% less, or 1275 W. In spite

of the difference in preheat levels for FAST 25 and 26, the pressure
traces for these two tests were similar only two pulses produced in

J 80 ms.
1

i

(____ _ _ ________ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ . - - _ - - - -
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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. Ce ditions for this test were the same as for FAST 26.

Input of capacitor discharge energy was roughly 25% 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 1 amp

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 2. 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 ~1.01-MPa
(10-atm) pressure level (FAST 28 was to have been performed under these-

conditions but had to be aborted during preheat). Though the CDV energy
4 input level was fairly high (30+ kJ), no loud shock like those produced

in FAST 22 through 27 was heard.

I
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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 bubbic 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 rapid,
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 the argon cover gas indicate that an
insignificant amount of the UO2 was transported through the water by the
xenon gas bubble that should have been left after fuel condensation.

ORNL-DWG 80 "8445 ETO
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Fig. 10. Recorded pressure vs time data for FAST 29; data recorded a

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- F

,
ple.
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Pressure measurement results are summarized in Table 6. These re-

sults indicate that

1. 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 J. 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.5 The

powder feeder was charged with I kg (2.2 lb) 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-

3plers, we estimated a maximum aerosol concentration of 10 g/m . Aver-
age aerosol concentration values as a function of time are displayed in
Fig. 11.

e
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! Table 6. Data for time of peak pres-
j sure (after start of sample break-

i up); P = peak pressure for first
4 three pulses produced in FAST
j 22-27 and FAST 29

i

Time ~P"Tm
(ms) [MPa (atm))

.,

j First pulse

i
j 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)

1 FAST 27 1.12 1.38 (13.7)
j FAST 29 0.88 1.89 (18.8)

| Second pulse

FAST 22 58.3 1.40 (13.9) i

FAST 23 A9.2 0.52 (5.1) '

! FAST 24 49.0 0.27 (2.7) ,

j FAST 25 52.0 0.26 (2.6) -'

FAST 26 55.1 0.71 (7.0)
.

FAST 27 46.5 0.32 (3.2)
j FAST 29 5.9 1.39 (13.8)

| Third pulse

| FAST 22 86.8 0.23 (2.2)
i FAST 23 68 0.25 (2.5)
j FAST 24 66 0.18 (1.8)
! FAST 25 b b
i FAST 26 b b

FAST 27 66.5 0.16 (1.6)
i FAST 29 12.7 1.15 (11.4)

#
Argon cover gas pressure

in FAST 22-27 was ~0.12 MPa'

j (1.2 atm); argon cover gas pres-
sure in FAST 29 was ~1.03 MPa'

(10.2 atm).

| Third pulse not observed
in 80-ms pressure recording time.

!

!

!

J
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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-

j pies were taken with an eight-stage cascade impactor (Andersen Mark III).

{ Results are given in Table 7.

I

i Table 7. Uranium oxide aerosol
j particle size - test 206 '

i.

I" *# 8 "# * * #
i Aerodynamic mass
j Sample of aerosol 8 "" # #mean diameter
j No. generation deviation(""}
{ (min) (og)
!

i 1 17 3.2 3.4
I 2 38.5 3.3 2.3 ,

: 3 81 3.3 2.3
! 4 190 3.0 1.9

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) acrosol settled onto floor, 65%;
1

(2) aerosol plated onto interior surfaces, 35%; and (3) aerosol still sus-
pended in the vessel atmosphere, nil.

2.2.3 Mixed urariun-sodium oxide aerosol test No. 303

This test was the first in which the two aerosols were generated
3simultaneously. The target mixed-oxide aerosol concentration was 20 g/m ,'

; 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)
{ l.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 a.in. The vessel atmosphere was air at a. relative humidity of

,less than 23%, and the initial pressure and temperature were ambient.-

'

i Test duration was 119 h.

;
f

'!
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Aerosol mass concentration. Three min after termination of aerosol
generation the first measurement was made of the aerosol mass concentra=

3tion. Total aerosol mass concentration at that time was 2.51 g/m com-
3 3posed of 1.40 g/m of uranium oxide and 1.11 g/m 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-

The reagents used in dissolving the mixed-oxide sample were foundues.

to have low-1cvel 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 f rom 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, 88% (sodium oxide) and 82% (uranium oxide); (2) aerosol
plated onto internal 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 oxide
aerosol particle size -- test 303

AMMD calculated by using

Uranium Sodium Total
Sample Time oxide oxide aerosol

No. (min) component component mass

bAMMD c AMMD MND
E E E(um) (um) (pm)

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.

bAerodynamic mass median diameter.
#Geometric 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 f rom the analytical laboratory. The test was
performed in a manner similar to that of test 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 (U 0 -Na2 2) char-038

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 IliFBR fuel-sodium aero-

6sols has been reported by Allen and Bryant from Battelle Northwest Lab-

f oratories (BfML). Their technique, however, induced a somewhat unique
' aerosol because the metallic sodium was first condensed onto the fuel
i

(Pu0 -UO ) xide particle; the sodium then ignited. Even so, in dry air,2 2,

they observed no compound formation; 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 1:1; however, it actually reached about 3.2 parts uranium oxide to

1 part sodium peroxide, which remained constant during most of the set-

! tling period. The initial sampling was somewhat delayed for pressure
t

adjustment because of excessive heating and cooling. The longer time

i than usual to adjust the pressure to 1 atm was due to an undersized air

supply valve, which has since been replaced. (The presnure and tempera-

|
ture transients are shown in Fig. 13.)

f The maximum initial aerosol concentration was not accurately deter-

{ minsble because of the time delay; however, we estimate that it was be-

| tween 10 and 20 g/m based on total settled aerosol and the limited sam-3

pling data shown in Fig. 14.
i

2.3.2 Size distribution of U30 8 and Na202 by spiral centrifuge
,

and cascade impactor analyses

Although our spiral centrifuge was known to have developed some in-

stability, 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. distributions previously observed. The uniform deposits on the

:

i

. _ , - , - . - _ , . __ - ._ _ - . , . . . , - , . , . _ , - . ,.
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i 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 slso operated to takeei

three samples each with the origin _? "large cut" f* st and second stages

j and wi'h the new redesigned stages. The first, second, and fourth rows

in the photograph in Fig. 17 show the n< 4 sages 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.:

1

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

] stages.
,

i

Table 9. Summary of size distribution measurements

4

"#^"I"" 8 dI""
i Elapsed
I time
! D50 CSD D50 GSD(min)
! (um) (o) (um) (o)

'

,
19 1st Cent. (3000 rpm) 3.97 1.34 4.41 1.40

' 22 Imp. No. 1 (new stages) 3.43 1.84 3.86 2.27
61 Imp. No. 2 (new stages) 3.46 1.82 3.86 2.20

t 107 Imp. No. 3 (old stages) 3.19 1.74 3.19 1.93
1 203 2nd Cent. (3000 rpm) 3.83 1.35 5.26 1.42

231 Imp. No. 4 (new stages) 3.46 1.82 3.56 2.083

256 3rd Cent. (3000 rpm) 3.56 1.35 4.78 1.41
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 '

I

I

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

i 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

!

:
2

I
b

- .- ___ _ - - - - - . , - - . , _ , _ ~ . _ _ _ - - _ . . - --
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magnifications are seen in Figs. 20 and 21. The small chain-like aggre-

gates are U 0 , while the large spheres resembling popcorn balls are si3 8

dium peroxide. They appear to be coagglomerated, as is indicated by the

constant symmetrical size distributions in Fig. 16. In the larger magni-

fications the sodium seems to encapsulate large numbers of U 08 Primary3

particles.

,
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In the succeeding tests, which will cover a range of concentrations

and sodium-to-uranium ratios, we hope additional 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 jet unit such as is used at the Containment Systems Test Facil-
ity (CSTF).7 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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i 3. ANALYTICAL PROGRA!!

Efforts are continuing to develop computerized models for source-
1

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). Presently, these models include condensa-

,

l tion due to convective and radiant heat transfer to the bubble / coolant
interf ace (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

,.
.

j particle f ragmentation, aerosol nucleation, and bubble dynamics and con-
; densation during the early phases of bubble development, including bubble

oscillations, coolant entrainment, and vapor condensation.
j Efforts are also being made to develop appropriate averaging tech-
1

niques for the properties of two component mixtures of nuclear aerosols
j that can be used in the computerized analytical models developed to de-

scribe the behavior of single-component aetosols.
1

1,

i

'

!

-

I
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