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i LWR CORE DRERIS COOLABILITT -- A1340
,

1. Obiestive of Presened Tark
! This program is sa experimental study of eere debris
i eeelability for postslated LTR aseidents. The esperimental data
i entained will be seed to eenfirm for LTE appliestion

pheassemelesisal models which prediet seeling of degraded eere,

4

asteriors. The program seeks to provide a sentiassa of
saderstandtag with the knowledge gained la the Debris Fermaties

3 and Releesties Program (A1335). the Noltea-Core Ceelsat
Interneties Program (A1030), sad the Core Belt Retention Fregram3

(A1247). as well as other pertiment severe fuel damage programs.
3 such as the FSF* Severe Psel Damage Test Series. The program will! emphasise imp il e experiments in the Anaslar Core Researek Roastor'

(ACER) stilising fission heating of 50
2 to simulate intrissiedesay heat generaties. It will make naziosa use of the

experiesse, experimental teshaiques. and analysis methods
developed in the Core Debris Behavier Program (A1131) for debris

i

seeling analysis in LXFhis. New appreaekes and teshaiques willi

be developed as regsired by the saiqueness of LTR esaditions and
materials.

I
*

i A review of LTR aseident seemaries, past researek results.i

and estreat programs has revealed five phemeneasiegical
sacertainties which govers LTR debris seelability and need
further analysis.

a) Debris Type: Cearse debris re sul t s from the geemek of
-

sore asterials that have set attained a fully solten
state er free a menemersette metten fuel /seelaat
interasties. Fine debris results from the emersettedispersal and rese11dification of molten fuel. The
two types of debris exhibit different seeling behavier
whiek will be separately investigated aleag with
mistares of prototypie sore structural materials,

I (i.e., 2:0 Zr and stataless steel).
b) Debris Depth: The large eere of as LTR sad limited

velsmes of the reaeter pressure vessel (RPT) and
reaster envity saggest the possibility of formaties
of deep (1 to 2 meter) beds. Besasse these beds are
far deeper than these treated la the present data base,
investigaties of sisatfisant variations from the
currently madersteed behavier of "de e p " de b ri s is
required.

e) Betten Boundary Condities: Debris formed en eenerete
som expersenes gas flew free the ereding senerete which
seuld deeresse the seelability of the everlylag bed.

4
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Also, if a particle bed settles4 on a poress surface
(sseh as the lower more plate or oore support easting).-

sooling water saa be supplied to the bottee of the bed
either from natural soavestion er forced soavestion._.Th e soavestion " loop" f orme d by this amaner saa
signifiaantly shause the coolability of the bed.

d) P,re s s u re Effects: Besasse debris soolability
questions,are pertiment throughost a spectrum of.

terstaated and unterminated assident sequenses,
soolant pressures and saturaties temperatgre
saa vary sisaificantly (from 1 to 3 atmospheres
in the remator savity to 170 atmospheres,(a the RPV ) .,
Carrent models of debris behavior prediet 'a strong
dependesse of soolability on pressures verification
of this dependense is assessary.

e) Stratified Debris: Energetic disperssi of molten
fuel (e.g. from a steam explosion) will result lai a water /fsel mixture. Large particles will initially
settle est of the sixture onto horizontal surfaceswith smaller particles settling ost later. The

,

resultant stratified particle bed exhibits
i signifisamtly di'fferest soolability behavior than
1 homogeneous sized beds as demonstrated by

LMPER related esperiments in the Core Debris
Behavior Program (A1181). .

'

A tentative experiment astriz has been foraslated which
investigates each phenomenon's impact om debris coolability.,

2. Summarv of prior Efforts

FYS3 was devoted to sentissed design sad proeurement of
equipasst and hardware for DCC-1 and DCC-2. Testing of materialswas soapleted for the experiments. The Program Plan was
completed and published. The safety analysis was performed andj
doesmested and seat to the Rosetor Safety Cossittees sad DOE.
Safety approval was obtained from all soneermed parties. Theparticle size distributlos for the first esperiment vsa redseed
to a small size distribstion (log normal with an effective
diameter of 0.4 mm) typiest of " late " debris whiek ha s ans tainedsome melt. Thi s required the addition of a high pressure 4 kT
heater to the experiment, rede sign of the closure lids, and a new
order for fuel.

All the hardware was proottested and a prototype sostainment
was destructively tested.

DCC-1 was assembled and rus late inthe year. DCC-1 was composed of a small partisuiste
distribution, 30 sa high by 10 en diameter. Dryost powers were

.

I
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asasared as a function of bed power, temperature, and pressure upto 170 atmospheres. Analysis was performed to support the
experiments and to refine the existing coolability models,
particalarly the time-dependent coolability model. A quick lookreport was issued on the resnits of DCC-1. The holina trailerfor cooling of the experiments was upgraded to increase the flow
rate by installing a higher capacity actor and drive system. The5000 gallom liqaid altrogen dewar with new internal heat
ezekange~r for the precooling of*the holism has been installed and
proofed. A new data acquisition system was added to the PARE
Data Acquisition system to aositor and control the helius loopsoolias system. A development test was performed on several
sentronic poisons added to the fuel to mitigate the effects of
water loss on dryout.

Testing was also performed on the integrity of the
thermocouple and for leak rates with open sheaths. A naaber ofother developaeat tests were performed to satisfy the technicaland safety needs of the esperiment. Initial steps were taken to "

Lacrease the stordy-state power of the ACER reactor from 2 MW(t)
to S MW(t). The analysis was performed and approval was obtained
from DOE to pe rf orm the experiment to determine the potentist for
increase in power. =

Studies on porosities of uniform spheres and the FITS debris
were conducted. The FITS debris formed beds with higher porositythan similar beds with grit or spheres.

A debris coolability model was modified such that it would
be available for the system codes such as CONTAIN. The resalts
of time-dependent model were compared with quench experimentslookias at velocity of quench fronts. As taportant result is.

,

that the quench froar velocity is limited by the ability of theILquid to fill in behind th e quench front.
3. Work to be Performed and Ezee et ed Results

The DCC-2 experiment will be conducted examining the
coolability of a large size particulate distribution typical of
early quench of reactor fuel. The bed will be fission heated tathe ACER with a height of 50 cm by 10 cm diameter. The sides andbottom of the bed are tasalated to produce one-dimensional heat
flow in the vertical direction. The dryout power will be
measured as a function of bed power, temperature, and prosaures
up to 170 atmospheres. A data report will be issued soon after
the experiment and a topical report will be issued covering both
DCC-1 and DCC-2 and the applicability of the LHFBR coolability
models to the LWR accident.

i

,
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The SNL DCC-1 and DCC-2 experiments will provide the saly
esisting eeolability data for deep (large and small particle)'

water beds at high pressure, parameter regimes of large
importases to LWR safety analyses. They shesid thus provide a
eruelal test of the adequacy of esisting LMFBR models to predict'

the soolability limits in LWRs. in addition to supplying!
important information needed for the further development of
time-dependent and other phenomenological post dryost models. As ummary -re po r t of the status of knowledge of LTR debris
seelability taking into assosat the resulta of DCC-1. DCC-2 SNLi out-of pile esperiments and any other experiments whiek.any have!

been esadseted la FY 84 (i.e. at EfE) shall be completed laSeptember.

Saadia program personnel will sentisse in a soordinated
enehange and development of soolability sedets with Calham

i Laboratory. This laeludes sentissed development of analytie;

time-dependent quesek and dryout models(SNL) and two-dimensional.{ time-dependent asseriaal models(Calham). Esperisestal
information will be ezekanged with Ett as it besones available.

Following completion of planned FT 84 PBF SFD esperiments.
SNL DFR espetiments and the TMI examination. the surrest
follow-on test matris shall be reforasisted. Redesign of the DCC
test espsule may be assessary to allow for liquid inflow to thebottom of the debris. Susseeding DCC esperiments will use
staalated degraded sore material with skaracteristies dictated byi

examination of the debris from the above mentioned debris! formation esperiments. It is surrently envisioned that they willimelade bottom flow esperiments, is beds that saa be
semi-stratified during the esperisest by flaidization and
settlias. Degraded pia beadles, alone or la soshina tion with
debris, are also planned. Sapplementary out-of pile esperiments ,

will be performed eken advantageous. These any inslade transioat
debris-en-comerete experiments tha t are aseded te verify the
small-seale esperiments of th i s type that have already beencondssted at SNL.

Saadia personnel vill provide NEC with fast-response
technisal comanitation on LTR sore-debris-coolability
phenomesology sad provide NRC/DAE with a contianoss asseassent of
research (national and international) in this area.

Note: With the funding level proj ected last year for FYS4
of $1230K. the follow-os experiments sould be moved up
appreziastely a year free what is proj ected in this doessent.
This venid permit design and procurement of the ha r d'w a r e ands

possibly operaties for DCC-3 La FY34 which is now scheduled forFY85.
Additional funds in FY34 would eliminate this unfortsmatedelay.

.
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j 4. Deserintion of Any pollow-Os Efforts-

| During FYES and FY36 a total of three additional experiments
are tentatively planned. The parpose of these experiments will
be to investigate the effects of coolability for a stratified
bed. for a sombined distorted pin and debris geometry, sad with
soolant and/or gas bottom feed. Additiesel or differest
esperiments any be regaired if other important phenomena are,
id e n t if ie d in the previous PBF/SFD, DFR. or DCC esperiments.
S. Relationshin to Other protects

I t

. Debris soolability is sa important risk signifienst branch
! point la estreat probabilistis analyses of operattag LWRs. If

-

the debris is ecolable the seeident is effectively terminated.If not, seasiderable enhassement of 5 2 generation, serosol
prodsstion, heat and pressure generation in the containment is
likely. This soald have sonsiderable impact on both contaissent

i effectiveness and the radiological source ters. This program>

sostribstes to the bases for assessing this eritical branch
point.

Impile LYR core degradation stadies will be performed at SNL
(Debris Formation and Relocation Program) and at INEL (FBF Severe.

Fuel Damage Tests) to deternise core sad debris characteristics
at varions stages of a moltdows socident. A c l ee s e- espondense
between the re sul t s of these experiments sad the DCC test matriz
will be esistained. The DCC estriz will be revised to reflect*

aev results on a timely basis.

SNL out-of pile phemosemologiosi esperiments (Technology for'

Core Melt" Retention Comoept Assessment) designed to investigate
the behavior of debris lying stop conorete and to investigste
debris' formation from salt subjected to a slow quench can prodsee
important information to the DCC program. Additional debris

i types of ~isterest may be identified, which will be imeluded in
; the DCC matriz. The perturbation of debris bed dryout behavior
j by gas flow free below has been predicted by models developedunder the_LTR program. This model can be verified by sosperison
-

with rossits from these experiments.
6. Resortina Schedale

Brief monthly letters will be written sanserizias recent
sesouplishments in the program. These will be published la the
Toshateal Righlights/ Administrative Reports for NRC Advassed
Rosator Safety Research Program. Secti es will slao be writtoa: sad published is the Saadia Advsased Resstor Safety Quarterly

i Reports-indicating progress, schievements sad tosalts for the
i
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eatendar quarter. Topical reports will be prepared and issued-

covering each individual in-sore experiment.

Publientions for FYg3
; 1. E. D.

Bergeroa, et al. "LTR Seve re Core Damage PhosomenologyProgram Plan. Volume 1 LWR Degraded Core Coolability Program.".

S AND,82 -1115 (2 of 2), Sandia Nations! Laboratories, Isae 1983.
2. E. D. Borgeron, " Remaining Uncertainties in Predicting the

Cootability Limits of a Degraded Rosetor Core," SAND Report,to be published.

3. M. S. El-Genk and R. Coen, "Charseterization of Vapor Explosion
.

Fragments: Permeability Measurements in Nized and Stratified
Beds." UNM report so. NE-95(83) SNL-162-1, June 1983. *

4 M. S. El-Genk and D. Louie, "Foro s ity and Cay Lilary Roa d
Messarenests la Particle Reds , " UNM report me. NE-94(32)SUIP-080-6, November 1982.

.

Publications for FY34
1. E. R.'Boldt, et al, "Results of DCC-1 Expe riment , " Da t aReport, Getober 1983.
2. P. A. Eneastler, et al. "tessits of DCC-2 Esperiment," DataReport, May 1984

3. E. D. Bergeros, et al, " Analysis of the Cootability of LVR
Severely Damaged Fuel Debria and Comparison with Ezperiments
DCC-1 and DCC-1,* Topical. Report, September 1984

!

7. Sabeentrastor Information
i

It is not satteipated that any significant sabeostracts willbe required as part of this task. Izpenditures for fuel sad
esperiment psekages will amenat to approximately 30 percent ofthe overall program. Expenditures will bei
standard Saadia National Laboratorie's

pe rf orme d using
purchasing procedures.

8. New Canital Ieuinment geen111A (in order of priority)
:

Shield storage ensks required for eash esperiment $2SE each--

Positive displacement pump and control system for imeorporation
,

into follow-os experiments for botton feed -- AISEt
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