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LWR Aerosol Release and Transport

stgM No.

1. OBJECTIVE OF PROPOSED WORK:

i Summary

I

The objective of this work is to investigate the release and subsequent behavior of
aerosols under a range of; LWR accident conditions in terms of source-tern magnitude,
attenuation race, and persistence in containment environments. The results from
these varied experiments ,are required for the validation of, or modification to,
existing analytical modelis and codes, or for the development of new models and '

codes, which will accurately predict release, transport, and subsequent behavior of
; LWR accident-released as osols within containment.

.

Additional Information
> This project is divided into eight subtasks:

Subtask A: Project annagement and analysis. Analyze experiments, develop test
plans, make pre-test and post-cast predictions, evaluate models for predicting
aerosol behavior in reactor accidents, provide assistance to NRC/RES. coordinate
with other aerosol research projects, and maintain assessment of foreign research
activities in aerosol behavior.

Subcask 3: Conduct basic aerosol experiments in CRI-II facility. Define 3; characteristics of aerosols produced from components of fuel rods, control rods, ./
] and materials of construction.

Subtask C: Conduct core-eelt aerosol release experiments using 1 kg induction,

furnace. Simiilated fuel rods / control rod bundles together with core structural
natorial will be taken up to and through the melt phase in a steam-hydrogen
atmosphere; interaction of materials at melting vill be defined, and released
aerosol material will be characterized.

Subcask D Conduct core-salt aerosol release experiments using 10 kg induction
i 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 tests in NSPP containamne
vessel under steam atmosphere. Aerosols include sientated fuel aerosol (U 0g), -

3simulated core structural material aerosol (Fe2 3), and simulated aerosolO
emanating from reaction of concrete with molten core.

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

Subcask C: Conduct tests of engineered safety systems (such as in-containment
sprays, ice condensors, filtration systems) using NSPP facility.

i

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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ITEM No.

2. SUMMARY OF PRIOR EFPORTS:

Aerosol source term experiments were conducted in the CRI-II facility and utilized
a bundle of simulated fuel rods and control 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 heacup and meltdown phases.
Other core-melt tests with fission-product elements implanced in the U02 fuel
pellets developed information on release rates and release behavior. Separate
effects aerosol tests were conducted in the CRI-II vessel on constituents of LWR

-

control rods and on fission-product elements. Aerosol production was accomplished
by use of the plasma torch aerosol generator, another-unique generator developed
in this program. Physical characteristics were established on both metallic and

.

.antal oxide aerosols; some of this work was done in support of the MARVIEEN 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 construction of the larger
induction furnace, which will permit realistic meltdown of bundles of fuel rods /
control rods weighing up to 40 kg, was complaced. The 250 kW power supply was
received and installation of the system was initiated.

The behavior of LWR accident aerosols in coneminnant was studied in the 38.3 m3y vessel of the Nuclear Safety Pilot Plant (NSPP). Successful conversion of the
; facility, aerosol sampling equipment, and the p1m=== torch aerosol generator for. , ,

1 operation in a steam environment was accomplished. A series of tests on the
| behavior of U 0s aerosol in steam was completed and the significant effect of3
;

steam on this aerosol was demonstrated. Tests on the behavior of Fe2 3 aerosolO
(simulating those aerosols from core structure asterial) in dry and steam environ-
ments were completed. A study into methods for generating a concrete aerosol was,

'

completed and tests on concrete aerosol in dry and steam environments were started.,

These single-component aerosol tests form the base for cogarison with results
from future multi-component aerosol tests in steam.

3. WORK TO BE PERFORMED AMD EXPECTED RESULTS:
.

Summarv

Core-melt aerosol release studies will be started in the 10 kg induction furnace..

Simulated fuel rods / control rod bundles with core structural asterials 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 s4=ariant fission product additives to the UO2 pellets.
Key experiments conducted with the smaller induction furnace will be repeated to
investigate the scaling effect. These aerosols will be transported to the CRI-II
vessel and measurements made of their aerodynamic 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 expected to be

f~ released over a range of assumed LWR accident sequences. A study of the,

i

pew - 57
aiu n., 5 ., 14, ucm se ...

n s-e s n

.

i . ,

.

v+- r * --w-+w.e- -,- . - . _ . - _ . - __ -.-----._,,____,___-_,,-,___.y_,,,,-.y,__m.m_, _ , . _ .,-- ,,.,_,,,,,,e----- - - - _ . _ _ _ _ _ , , - - , -- -



. .-_ _ _ _ _ _ _ - _ _ _ _ _ _ _ . _

t

i

Nmc PonM tes
p s se a u.s.NucLgan mEGUJ.,AToRY coMMIS3loN FIN NUMSER

.

ts.en
PROJECT ANO SUOGET PROPOSAL FOR NRC WORK B0121

esosacT TiTi.c4
'

LWR Aerosol Release and Transport S.

tTEM No-
3.

WORK TO BE PERPORMED AND EXPECTED RESULTS (Cont'd):

efficacy of engineered safeguards on mixed-aerosol removal win be conducted.
Data from both the core-melt aerosol release experiments and the containment
experiments will be made available on a continuous basis to those organizations
developing the various aerosol / fission product release, transport and contain==ntcodes.

FT 1984

Core-melt serosol release studies using the 10 kg induction furnace vin be
initiated. S h 1sted fuel rods / control red bundles with core structural materials
win be taken up to and through the melt phase in a steam-hydrogen environment. *

The interaction of fission product elements with aerosoln ==mnating from the melt
| win be investigated by means of simulant fission product additives to the UO2 fuel-

pellets. These additives will consist of various mixtures of: oxidea of strontium,
barium and cesium; mecanic forms of molybdenum, ruthenium and tellurium; and
compounds of cesium and iodine which release elemental forms upon heating. The
effqct of control rod constituents on these fission products will be studied by
performing tests both with and without control rod anoys. A series of key experi-
ments, as defined by the 1 kg core-melt experiment, win be initiated with the
10 kg furnace. The aerosol / fission products released during these experiments win
be transported into the CRI-II vessel and additional measurements made to define
their aerodynamic behavior. In a cooperative effort with the TRAP-MELT Verification ,%
Tests (30488) the 1 kg induction furnace and the plasma torch aerosol generator as /
we n as use of the CRI-II facility will continue to be made available to thac*

program as the schedule of the core-melt aerosol release project permits. Aerosol
behavioral tests in steam win be continued in the large vessel _of the NSPP. A
series of tests using mixtures of U 0s, Fe2 3 and concrete aerosel will be started.3 O
These tests will utilize those mixtures of aerosols expected to be released over
a range of assumed LWR accident sequences. A decision win be made, based upon
the results of the core-melt aerosol release project, as to which of the aerosols
from fuel cladding and control rods win be included in a series of final mixed-
aerosol tests. Test plans and preliminary equipment designs will be made for tests
of the efficacy of engineered safeguards, such as in-containment sprays and vented
containment concepts, for removal of mixed aerosols from a steam environment.

FY 1985

Complace 10 kg core-melt aerosol release series emphasizing fission product element
distribution between melt and released aerosol. . Perform detailed characterization
of aerodynamic behavior of released material in CRI-II vessel. Conduct test series
illustrating effects of hydrogen burning on chemical form of fission product /
aerosol materisi and on its ensuing behavior in containment. Continue series of
mixed aerosol tests in the NSPP by adding aerosols noted to be released from fuel
. clad and control rod an oys during core-melt aerosol release tests. Construct
equipment necessary and conduct tests defining the efficiency of in-containment ,

spray systems, ice condenser pressure suppression systems, and filter systems in
removing aerosols from containment systems.

.
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3.
WORK TO BE PERFORMED AND EIPECTED RESULTS (Cont'd):

Beyond FY 1985

Conduct core-selt aerosol release tests to develop additional data for final
development / validation of TRAP-MELT code. Conduct special purpose aerosol tests
in the NSPP to provide data for final validation of codes describing aerosol
behavior in LWR cone =4n==nt..

Support LMFER efforts by completing U 0g/NapO3 x
aerosol studies halted in PT 81 when efforts were redirected toward LWR aerosolstudies. Consolidate all tests and results for assessment of consequences of
assumed accident sequences. Provide consultation to RES and be responsive to

,

guidance for utilization of. ART facilities and derived expertise in areas of
core-salt source terms and aerosol behavior in cone =4==-at.

4. DESCRIPTION OF ANY FOLLOW-ON EFFORTS:

This is a cone 4-4a! research program.
.

5. RF.TEPIONSHIP 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:

Publications in'FT 1983
.

1. .. R. _E. Adams and M. L. Tobias, AerosoZ Relaces and Trcznsport Prog 2wt Quarcarly
Progress Repor for October-december 1982, NUREGICR-2809, vol. 4, ORNL/TM-

1 8397/V4 (May 1983).
i

!

2. . R. E. Adams and M. L. Tobias, Aerosol Release and 7.w.speci, Program Quarterly
.

..

Progress Report for Janua1=j-%1rch 1983, ORNL/TM-8849/V1.

3. R. E. Adams and M. L. Tobias, Aerosol Relaase and Transport Prog 2wr Quarterly
.

Progress Report for Aprilmiune 1983, ORNL/TM-8849/V2.

4 R..E. Adams and M. L. Tobias, Aerosol Relocas and 25 nscort -Program Quarcarly
Progress Report for ful -September 1983, ORNL/TM-8849/V3.d

Expedted'FutureRecorts

1. Quarterly Technical Progress Reports.
'

2. Data Record Report: NSPP Tests 401-406 (Draf t to be submitted to NRC
October 1983).

,

.__ _ _...J. _ Data Record Report: NSPP Tests 501-505 (Draf t to be submitted to NRC
December 1983).

.
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6. REPORTING SCHEDULE:

Exrected Future Reports

4. Basic Aerosol Experiments in CRI-II Facility (Draft to be submitted to NRC
November 1983).,

5. Core-Malt Aerosol Release Experiments with 1 kg Furnace (Draf t to be submitted
to NEC January 1984).

.

6. Core-Halt Aerosol Release Experiaancs with 10 kg Furnace (FT 1986).

7. Data Record Reports: NSPP Tests in Steam with* Mixed Aerosols (FT 1985 and .

FT 1986).,

8. Reports on Tests of Engineered Safety Features in NSPP (FT 1986 and FT 1987).
I 7. SUBCONTRACTOR INFOEMATION:

.

Cost Estimates
Description and Justification FT-1984 FY-1985 FY-1986 FT-1987

i

(a) Subcontract and Consultants
.m

Science Applications, Inc.; 20 25 25 15G. E. Creek. Consultant
j to Core-Malt Project
.

A. W. Castleman, Jr. , 10 10 10 10Pennsylvania State Univ.;
Consultant to ART Program
in Aerosol Physics

S. E. Loyaika, University 20 25 25 25
of Missouri; Consultant
to NSPP Program in LWR .

Aerosols
_ _

.
TOTAL

.

g g M M
.

'-

| 8. NEW CAPITAL EQUIPMENT REQUIRED:

None.
-

i

9. SPECIAL FACILITIES REQUIRED:

Existing facilities satisfactory for proposed work. No special facilities
required.

J
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10. CONFLICT OF INTEREST INFORMATION:

There are no known relationships between this organization or its employees with
industries regulated by the NRC and suppliers thereof that might give rise to an
apparent or actual conflict of interest regarding the work described in this
proposal.

11. OBLIGATION ESTIMATES: '.

Oblimation EstimatesOperating Exnenses
FT-1983 FT-1984 FT-1985 FT-1986 FT-1987.

(1) Cost Estimates 1272 1306 1590 1705 1815

(2) Goods and Services on 62 62* 515 545 545Order - GSO Estimate

Less: Uncosted Ratance 9/30 62 62 62 515 545,

GSO Change 0 0 453 30 0

(3) TOTAL OBLICATIONS - CHANGE g g g g g

*Please nota that an additional S350 k in FT-1984 is needed for adequate
forward fin =nd ag.

12. OTHER:

12(a).- Q'IALITY ASSURANCE AND CONTROL: Approved ORNL Quality Assurance procedures-

are followed.
_ _ _
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12. OTHER (Cont'd):

12(b). COST AND MILESTONE CHARTS:

A. PROJECT COST SCHEDULE

Total
Prior EstimatedCosts Years 1983 1984 1985 1986 1987 Cost '

Subtask A 538 357 350 425 500 600 2770
.

Subcask B 392 100 - - - - 492
'

Subtask C 175 240
'

415
- - - -

'

Subtask D 90 400 500 200-

1190-

Subtask E 1010 385 1395- - - -

Subtask F 100 450 300-
850- -

Subcask G 106 365 200 200 871
- -

.

Subcask H 805 1015 1820
- - - -

l B. 189 SUBTASK / MILESTONE CHARTS

See attached pages.
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SUSTASKAsiL ESIO81E FY g;__ FY g _ FY 85
FY86 FYS7 FY FY FY BEYONO j

'

I 2 3 4 1 2 3 4 1 2 3 4 FY

A. Management and Analysis r -

n*

1' g ;'
l. Test plan for I.lat experiments in NSPP

~~J k
0
H

(containment aerosols) .

('
2. Test plan for core-melt aerosol

~ ~jk *experiments
i '
'

83. Report on INFBR mixed aerosol tests (Cq ili te 1)' ( -

4. Test plan for engineered safety system -
# t

$ tests in NSPP -] | '

\ E
5. Steam behavior model for NSPP vessel

__ U 3
6. Scaling studies - Core Melt Project

_ _. _ 17
i
'

B. Basic Aerosol Experiments in CRI-II Facility ;.

1. Fuel rod component aerosols
_ _ _. _]f '

!
4 I4
= -

i 2. Control rod component aerosols (( m it.. tea)i E#z3o

% 913. Core structural material aerosol (tm ile te l),
^

$ g
4. Report on results
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