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APROLECT TITLE:

LWR Aerosol Release and Traasport

ITEM NO.

l.

OBJECTIVE OF PROPOSED WORK:

Summary

The objective of this work is to investigate the release and subsequent behavior of
derosols under a range of: LWR accident conditions in terms of source-term magnicude,
attenuation rate, and persistence in containment environments. The results from
these varied experiments are required for the validation of, or modification to,
existing analytical models and codes, or for the development of new models and
codes, which will accurately predict release, transport, and subsequent behavior of
LWR accident-released ae “osols within containment.

Additional Information

This project is divided into eight subtasks:

Subtask A: Project management and analysis. Analyze experiments, develop test
plans, make pre-ctest and post-tast predictions, evaluate models for predicting
aerosol behavior in reactor accidents, provide assistance to NRC/RES, coordinate
with other aerosol research projects, and mainctain assessment of foreign research
activicies i{n aerosol behavior.

Subtask 3: Conduct basic aerosol experiments in CRI-II facility. Define
charactaristics of aerosols produced from components of fuel rods, control rods,
and matarials of comstruction.

Subctask C: Conduct core-mel: aerosol release experiments using 1 kg induction
furnace. Simulacted fual rods/control rod bundles together with core structural
2aterial will be taken up to and through the melt phase in a steam-hydrogen
atmosphere; interaction of materials at melting will be defined, and released
aderosol material will be characterized.

Subtask D: Conduct core-malt aerosol release experiments using 10 kg induction
furnace. Repeat key experiments defined from results of Subtask C; characterize
behavior of released aerosols in CRI-II vessel.

Subtask E: Conduct single-component LWR aerosol casts in NSPP containment
vessal under steam atmosphere. Aerosols include simulated fuel aerosol (U30q),
simulated cora structural material aerosol (Fe203), and simulated aerosol
emanacting from reaction of concrete with moltan core.

Subtask F: Conduct LWR mixed-aerosol tasts in NSPP containment vessel under
Steam atmosphere. Mixed-aerosols to be composed of those in Subtask E togecher
with other aerosols of significance determined by core-melt studies.

Subtask G: Conduct tests of engineered safety svstems (such as in-containment
sprays, ice condensers, filtration systams) using NSPP facilicy.

Subtask H: Final tests in core-melt project and containment project to provide
data deemed to be of significance for complete validation of computer codes for
prediction of aerosol release, transport, and containment in LWR accident
sequences.
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PROJECT TITLE:

LWR Aerosol Release and Transport

ITEM NO

2.

SUMMARY OF PRIOR EFFORTS:

Aerosol source term experiments were conducted in the CRI-II facility and utilized
8 bundle of simulated fuel rods and comtrol rods (0.5 to 1 kg in total weight)
which was subjected to induction heating up to and through the melt temperature.
The induction furnace developed in this program is unique in that the heat is
generated directly in the fuel tubes allowing realistic heatup and meltdown phases.
Other core-melt tests with fission-product elements implanted in the U0; fuel
pellets developed information on release rates and release behavior. Separate
effects aercsol tests were conducted in the CRI-II vessel on constituents of LWR
control rods and on fission-product elements. Aercscl production was accomplished
by use of the plasma torch aerosol generator, another unique generator developed
in chis program. Physical characteristics were established on both metallic and
metal oxide aerosols; some of this work was done in support of the MARVIKEN Program
and the DEMONA Program. In a cooperative effort with the TRAP-MELT Verification
Tests (B0488) the 1 kg induction furnace and the plasma torch aerosol generator as
well as use of the CRI-II facility were made available to that program as the
schedule of the core-melt project permitted. Design and comstruction of the larger
induction furnace, which will permit realistic meltdown of bundles of fuel rods/
control rods weighing up to 10 kg, was completed. The 250 kW power supply was
received and installation of the system was initiated.

The behavior of LWR accident aerosols in containment was studied in the 38.3 m?
vessel of the Nuclear Safety Pilot Plant (NSPP). Successful conversion of the
facility, aerosol sampling equipment, and the plasma torch aerosol generator for
operation in a steam environment was accomplished. A series of tests on the
behavior of U3;0y aerosol in steam was completed and the significant effect of
steam on this aerosol was demonstrated. Tests on the behavior of Fe;03; aerosol
(simulating those aerosols from core structure material) in dry and steam environ-
ments were completed. A study into methods for generating a concrete aercsol wvas
completed and tests om concrete aerosol in dry and steam environments were started.
These single-component aerosol tests form the base for comparison with results
from future multi-component aerosol tests in steam.

WORK TO BE PERFORMED AND EXPECTED RESULTS:

AT

Core-melt aerosol release studies will be started in the 10 kg induction furnace.
Simulated fuel rods/comtrol rod bundles with core structural materials will be
taken up to and through the melt phase in a steam~-hydrogen enviromment. The
interaction of fission product elements with aerosols emanating from the melt will
be investigated by means of simulant fission product additives to the U0, pellets.
Key experiments conducted with the smaller inductionm furnace will be repeated to
investigate the scaling effect. These aerosols will be transported to the CRI-II
vessel and measurements made of their aerodynmamic behavior. Final experiments are
planned to determine the effect of hydrogen burning on core-melt aerosol behavior.
Aerosol behavioral tests in steam will be continued in the large vessel of the
NSPP. A series of tests, in steam, will be conducted using various mixtures of
aerosols; these tests will utilize those mixtures of aerosols expectad to be
Teleased over a range of assumed LWR accident sequences. A study of the
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PRQJECT TITLE.

LWR Aercsol Release and Transport

ITEM NO

3. WORK TO BE PERFORMED AND EXPECTED RESULTS (Comt'd):

efficacy of engineered safeguards on mixed-aerosol removal will be conducted.
Data from both the core-melt derosol release experiments and the containment
experiments will be made available onm a continuous basis to those organizations

developing the various aerosol/fission product release, transport and comtainment
codes.

FY 1984

Core-melt aercsol release studias using the 10 kg induction furnace will be
initiated. Simulated fuel rods/control rod bundles with core structural materials
will be taken up to and through the melt phase in a Steam-hydrogen environment.

The interaction of fission product elements with aerosols emanating from the melt
will be investigated by means of simulant fission product additives to the U0, fuel
pellets. These additives will comsist of various mixtures of: oxides of scrontium,
barium and cesium; metallic forms of molybdenum, ruthenium and tellurium; and
compounds of cesium and iodine which release elemencal forms upon heating. The
effect of control rod constituents aon these fission products will he studied by
performing tests both with and without comtrol rod alloys. A series of key experi-
ments, as defined by the 1 kg core-melt experimenc, will be initiated with the

10 kg furnace. The aerosol/fission products released during these axperiments will
be transported into the CRI-II vessel and additional Teasurements made to define
their aerodynamic behavior. In a cooperative effort with the TRAP-MELT Verification
Tests (B0488) the 1 kg induction furnace and the plasma torch aerosol generator as
well as use of the CRI-II facility will comtinue to be made available to that
program as the schedule of the core-melt aercsol release project permits. Aerosol
behavioral tests in steam will be continued ia the large vessel of the NSPP. A
series of tasts using mixtures of U:0q, Fey0; and concrete aerosol will be scarrted.
These tests will ucilize those mixrures of aerssols expected to be released over

a range of assumed LWR accident sequancas. A decision will be made, based upon

the results of the core-melt aerosol ralease project, as to which of the aerosols
from fuel cladding and comtrol rods will be included in a series of final mixed-
aerosol tests. Test plans and preliminary equipment designs will be made for rtests
of the efficacy of engineered safeguards, such as in-containment sprays and vented
containment concepts, for removal of mixed aerosols from a steam environmenc.

FY 1985

Complete 10 kg core-melt aerosol release series emphasizing fission product element
distribuction between melt and released aerosol. Perform derailed characterizaction
of aerodynamic behavior of released material in CRI-II vessel. Conduct test series
illuscrating effects of hydrogen burning on chemical form of fission product/
derosol macerial and on its ensuing behavior in containment. Continue series of
mixed aerosol tescs in the NSPP by adding aerosols noted to be released from fuel
clad and control rod alloys during core-melt aerosol release tests. Construct
equipment necessary and conduct tests defining che efficiency of in-containment
spray systems, ice condenser pressure suppression svystems, and filter systems in
removing aerosols from contaimment systems.
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3. WORK TO BE PERFORMED AND EXPECTED RESULTS (Cont'd):

Bevond FY 19835

Conduct core-melt aerosol release tests to develop additional data for final
development/validation of TRAP-MELT coda. Conduct special purpose aerosol tests
in the NSPP to provide data for final validation of codes describing aerosol
behavior in LWR contaioment. Support LMFER efforts by completing U30g/NasQ,
derosol studies halted in FY 81 when afforts were redirected toward LWR aerosol
studies. Consolidate all tests and results for assessment of consequences of
assumed accident sequences. Provide consultation to RES and be responsive to
guidance for utilizatiom of ART facilities and derived expertise in areas of
core-melt source terms and aerosol behavior in containment.

4. DESCRIPTION OF ANY FOLLOW-ON EFFORTS:
This is a continuing research program.
5. RELATIONSHIP TO OTHER PROJECTS:
This program is coordinated with work at EMI-Columbus on aerosol code development,
with molten metal-concrete work at Sandia, with the CSTF tests at HEDL and with
aerosol work covered by NRC foreign exchange agreements.
6. REPORTING SCHEDULE:
ons FY 1983
1. R. E, Adams and M. L. Tobias, derveol Relecse and Transport Program Quarterly
P @ Revort for October-December 1982, NUREG/CR-2809, Vol. 4, ORNL/TM-
8397/v4 (May 1983).

2. R. E. Adams and M. L. Tobias, Aarvosol Release and Transport Program Quarterly
Progress Report for Jaowary-March 1583, ORNL/TM-8849/V1.

3. R. E. Adams and M. L. Tobias, dercsol Release and Transport Program Quarterly
Progress Report for April—vune 1983, ORNL/TM-8849/V2.

4. R. E. Adams and M. L. Tobias, derosol Release and Transport Program Quarterly
Progress Report for Juls~Septamber 1983, ORNL/TM-8849/V3.

Expected Future Reports
1. Quarterly Technical Progress Reports.

2. Data Record Report: NSPP Tests 401-406 (Draft to be submittzed to NRC
October 1983).

3. Data Record Report: NSPP Tests 3501~305 (Draft to be submitted to NRC
December 1983).
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PRQJECT TITLE:
LWR Aerosol Release and Transport

ITEM NO.

6. REPORTING SCHEDULE:

acted Future orts

4. Basic Aerosol Experimants in CRI-II Facilicy (Drafc to be submitted to NRC
November 1983),.

5. Core-Malt Aerosol Ralease Experiments with 1 kg Furnace (Draf:c to be submitted
to NRC January 1984),

6. Core-Melt Aarosol Release Experimencs with 10 kg Furnace (FY 1986).

7. Data Record Reports: NSPP Tasts in Steam with*Mixed Aervsols (FY 1985 and
FY 1986).

8. Reports on Tests of Engineered Safety Features in NSPP (FY 1986 and FY 1987).
7. SUBCONTRACTOR INFORMATION:

Coi Estimates
Description and Justificacion FY-1984 FY-1985 FY-1386 FY-1987

(a) Subcontract and Consultants

Science Applications, Inc.; 20 5 25 23
G. E. Creek. Consultant
to Core~Melt Project

A. W. Castleman, Jr., 10 10 10 10
Pennsylvania State Univ.;

Consultant to ART Program

in Aerosol Physics

S. K. Loyalka, University 20 28 23 25
of Missouri; Consultant
to NSPP Program in LWR

Aerosols am— R, p— —
TOTAL S0 50 =3 28

3. NEW CAPITAL EQUIPMENT REQUIRED:
None.
9. SPECIAL FACILITIES REQUIRED:

Exiscing facilities sacisfactory for proposed work. No special facilities
required.
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10. CONFLICT OF INTEREST INFORMATION:
There are no known relationships
industries regulated by
apparent or actual conflict of interest regar
proposal.

between this organization or its employees with
the NRC and suppliers thereof that might give rise to an
ding the work described in this

11. OBLIGATION ESTIMATES:
- L UL S LT ST S O IR S
(1) Cost Estimates 1272 1306 1590 1708 1815
(2) Goods and Services om 62 62% 515 545 545
Order - GSO Estimate
Less: Uncosted ll.l.nnc.. 9/30 52 82 52 -} & 245
GSO Change 0 0 433 30 0
(3) TOTAL OBLIGATIONS - CHANGE 1272 1306 2043 1735 1815
*Please nota that an additional $350 k in FY-1984 is needed for adequate
forward financing.
12. OTHER:
12(a). QJALITY ASSURANCE AND CONTROL: Approved ORNL Quality Assurance procedures
are followed.
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PROJECT TITLE:

LWR Aerosol Release and Transport
ITEM NO.
12. OTHER (Comt'd):
12(b). COST AND MILESTONE CHARTS:
A. PROJECT COST SCHEDULE
Total
Prior Estimated

Costs Years 1983 1984 1985 1986 1987 Cost
Subtask A 538 357 350 425 500 600 2770
Subtask 3 392 100 - - - - 492
Subtask C 175 240 - - - - 415
Subtask D - 90 400 500 200 - 1190
Subtask E 1010 +385 - - - - 139§
Subtask F - 100 450 300 ~ - 850
Subtask G - - 106 365 200 200 871
Subtask H - - - - 80S 1015 1820

3. 189 SUBTASK/MILESTONE CHARTS

See attached pages.
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12(b) SUBTASK/MILESTONE SCHEDULE
SUBTASK/MILESTONE FY 83 | Fveq
. JHEOOHELD
Managewent and Analyslis
I. Test plan for IMR experiments in NSPP -
(containment aerosols) #
2. Test plan for core-melt aerosol
experiments
3. Report on IMFBR mixed aerosol tests (C ln#te )
4. Test plan for engineered safety system
tests in NSPP
5. Steam behavior model for NSPP vessel 11
6. Scaling studles - Core Melt Project - .
Baslc Acrosol Experiments An CRI-II Facllity
1. Fuel rod component aervsols BB
2. Coentrol rod component aerosols ( Tdreld’
3. Core structural material aevosol ( 14tejl)
4. Report on results |
Core-Melt Aerosol Release Experiments - 1 kg
Induction Furnace
L. Aerosols from fuel/cladding ( lll+)
2. Aerosol from fuel rods, control rods &
and core structural materials 1 ,JL.
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NU i2(v) SUBTASK/MILESTONE SCHEDULE
: ' v | eves | wves |1 LT 1 eevono |
SUBTASK/MILESTONE —T - -1
1]2[3]4 (l 2|3]e|1]2]3 c{"“ ""k' " *' FY
- : e S LR RS +++r 1+ 1 35 1 § v
€. Core-Melt Aerosol Release I_igggrlunu -
1 kg Tnduction Furnace (Cont'd)
3. Acrosol from simulated fuel rod bundles %
with additive fission product elements
4. Report on results 7{
D. Core-Melt Yfeemnol Release Experiments - :
10 kg Induction Furnace
1. Development of 10 kg furnace and EGel T
shakedown testing 9
2. Acrosols from simulated bundles of fuel
rods/control rods/core structural
material; aeroscl behavior in CRI-31I
1. Acrosols from simulated bundles of fuel %
vods containing fission product additives/
control rods/core structural materials;
aerosol behavior in CRI-II vessel
|
4. Test conflguration same as (3) with AV
hydrogen lIgnition
5. Report on results
E. Ingle-Component Aerosol Tests in Steam
(_ P Faciliiy)
I. Fuel simulant (U304) aerosol (q ¢t )
2. Core structural material aerosol (Fe,04) | ( l1h1“J | it J |
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12(b) SUBTASK/MILESTONE SCHEDULE
= e - fvy 83 | fv84 | Fves 1T “'1 Fik BEYOND
SUBTASK/MILESTONE T T Tt ara—lev86 vy 87 Y ey
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Slagle-Component Aerosol Tests in Steam
(NSPP Facllity) (Cont'd)

3. Concrete aerosol ((o-#l1l )

4. Data record report on U30g aerosol tests

5. Data record report on Fe,0; aerosol tests S#

6. Data record report on concrete aerosol _Sr 2
Ltests

Mixed-Aerosols Tests in Steam (NSPP Facility)

L. Fuel plus core structural material
aerosols

2. Fuel, pere structural material, and
concrete aerosols

3. Fuel, core structural materials, concrete,
and control rod aerosols

o

4. Data record report

Tests on Englineered Safety Systems (NSPP
Facility)

L. Design and construct tLest systems mjﬁ

2. Conduct tests

3.  Report on results
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