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LYR CORE DEBRIS COOLABILITY == A1340

1. QObjessivse of Pzovosed Vozk

This program is an sxperimental study of core debris
soolability for postulated LWR sccidents. The experimental dsts
obtained will be used to sonfirm for LVR application
Phenomenclogicnl models whieh predict cooling of degraded core
materials. The program seeks to provide a contimmum of
saderstanding with the kaowledge gained in the Debris Formation
and Relocation Program (A1335), the Molten~-Core Coolant
Iatersction Program (A1030), and the Core Melt Retentios Program
(A1247), as well as other pertinent severe fuel damage programs,
such as the PBF Severe Fuel Damage Test Series. Thre program will
emphasize inpile experiments ia the Azsular Core Resesrch Resctor
(ACRR) utilizing fission heating of Uoz to simulate iutrissie
decay heat gemerstiom. It vill msake mazimum use of the
experience, experimental techniques, and saalysis methods
developed in the Core Debris Behavior Program (A1181) for debris
cooling analysis in LMFLRs. New Approsches and techmiques will
be developed as required by the umniqueness of L¥YR conditions and
Saterials.

A review of L¥R sccident scenarios, past researesh results,
and current programs has revealed five phenomenclogical
Sacertainties which govern LYR debris coolability and meed
farther amalysis,

) Debris Type: Coarse debris results frowm the queneh of
GOre materials thet have not attained s fally moltesn
State or from a nonenmergetic molten fuel/coolant
iatersction. Fine debris resalts from the energetice
dispersal and resolidification of molten fuel. The
t¥o types of debris exhibit different cooling behavior
wvhioh will bde separately isvestigated slomng with
miztures of prototypic core ftructursl materials
(L.0., 220, Zr and stainless steel).

b) Debris Depth: The large core of am LVR sad limited
volumes of the reactor pressure vessel (RPY) and
rosstor eavity suggest the possidility of formatioa
of deep (1 to 2 meter) beds. Becasse these beds are
far deeper tham those treated ia the present datas base,
iavestigation of sigaificant variations from the
currently snderstood behavior of "deep” debris is
required.

¢) Bottom Bouadary Condition: Debris formed oa ecmcrete
€A% esxperience gas flow from the eroding conerete which
conld decresse the coolability of the overlying bed.
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Alse, if a particle bed setties on o poross ssrface
(smeh as the lower core plate or gore snpport castiag),
cooling water can bHe supplied to the bottom of the bed
¢ither from natursl Goavectioa or forced convection,
The convectios “loop”™ formed by this mazner oan
significantly chanmge the coolability of the bed.

d) Pressure Effects: Because debdris coolability

. questions are pertinent throughout o spectrum of
terminated asad anterminated sccident sequences,
¢oolant pressures and saturation temperastumre
€88 vary sigaificantly (from 1 to 3 atmospheres
ia the resctor cavity to 170 Atmospheres in the RPV).
Carrent models of debris bebhavior predict a stromg
dependence of coolability om pressure; verification
of this dependence is necessary,

¢) Stratified Debris: Energetic dispersal of molten
fuel (e.g. from a steam explosion) will result ia
& vater/fuel mixture. Large particles will initially
settle out of the mixture onto horizomtal surfaces
with smaller particles settling out later. The
resultant stratified particle bed exhibits
sigaificantly different coolability bdehavior than
homogeneons mixed beds as demonstrated by
LMFBR~related experiments im the Core Debris
Bebavior Program (A1181).

A tentative fxXperiment matrix has been formulated which
iavestigates eanch phenomenocn’s impact on debris coolability,

1. Ssmmary of Prior Efforts

FYS3 was devoted to contisued design snd procurement of
*quipment and hardware for DCC~1 and DCC-2. Testing of materials
¥as completed for the experiments. The Program Plas was
completed and published. The safety snalysis was performed and
documented and sent to the Resctor Safery Committees and DOE.
Safety approval was obtained frow all concerned parties., The
pParticle size distribution for the first experiment was reduced
F0 & small size distridution (log normal with an effoctive
dismeter of 0.4 am) typical of "late” debris vhich Bas sustained
some melct. This required the addition of & high pressare 4 k¥
Beater to the fxperiment, redesign of the closure lids, snd s sew
order for fuel.

All the hardware was prooftestead and prototype containment
Yas destructively tested., DCC-1 ¥As assenmbled and run late in
the year. DCC~1 was composed of & small particulate
distridbution, 50 cwm Bigh by 10 om dismeter. Dryout powers vere



Seasured as o function of bed power, temperature, and pressure aup
to 170 atmospheres. Analysis was performed to support the
experiments and to refine the ®xisting coolability models,
particularly the time-dependeat coolability model. A quick look
Feport was issved on the results of DCC=1. The helium trailer
for cooling of the ¢xperiments was upgraded to incresse the flow
rate by iastalling & higher Capacity motor and drive system. The
5000 gallom liquid Bitrogen dewar with new internal heat
sxchanger for the Precooling of the helium has been installed and
proofed. A new data fcquisition system was added to the PAHR
Dats Acquisition Systems to monitor and comtrol the belium loop
cooling system. A development test was performed on several
Geutronic poisons added to the fuel Lo mitigate the effects of
¥ater loss om dryout,

Testing was alse performed oan the integrity of the
thermocouple and for leak Fates with open sheaths. A number of
other development tests were performed to satisfy the techaical
tad safety needs of the sxperiment, Taitial steps were taken to
increase the stewdy~-state power of the ACRR reactor from 2 MW(t)
to 5§ MW(t). The soalysis was performed and approvael was obtained
from DOE to perform the ¢Xperiment to determine the poteatiasl for
inerease in power. ’

Studies on porosities of uniform spheres and the FITS debris
vere conducted. The FITS debris formed beds with higher porosity
than similar beds with §rit or spheres.

A debris coolability model was modified such that it would
be available "y the System codes such as CONTAIN., The resalcts
of timse~dependent model vere compared with quench experiments
looking at velocity of quench fromts. A importamt result is
that the queach fromt velocity is limited by the ability of the
ligquid to fill ia behind the quench front.

3. York to be z|“Q:l.ﬂ_J]ﬂ_ﬁ‘l&i&lﬂ_“lﬂ*ll

The DCC~2 ezperiment will be conducted examining the
coolability of & large size particulate distribution typical of
¢arly quench of resctor fuel. The bed will be fission heated in
the ACRR with o hetght of 50 cam by 10 cm dismeter. The sides and
bottom of the bed are insulated to produce one~dimensionsl heat
flow in the vertical direction, The dryout power will be
Measured as s fusctionm of bed power, temperature, and pressures
8p 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 spplicability of the LMFBR coolability
models to the LWR accident.
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The SNL DCC~1 and DCC-2 ¢xperiments will provide the oaly
exiscting coolability data for deep (large and small particle)
vater beds at Rhigh pressure, Parameter regimes of large
importance to L¥R safetry asalyses. They should thaus provide a
crucial test of the adequacy of ®xisting LMFBR models to predict
the coolability limits ia LYRs, in addition to sapplying
important information Aseded for the further development of
time~dependent and other phenomenclogiual post dryout models. A
SEmmary report of the statws of kaowledge of LYR debris
coolability takiag iato accomat the results of DCC-1, DCC~-2, SNL
ost~of-pile experiments sad A8y other experiments which may have
been conducted in FY 84 (i.e. at KfE) shall be completed in
September.

Sandia program personnel will continue iz a joordinated
*xchange and development of coolability models with Calbham
Laborstory. This imeludes continned development of analytie
time~dependent quench and dryout models(SNL) and tvo~dimensional,
time~dependent numerical sodels(Calham)., Experimental
iaformation will be exchanged with KfK as it becomes available.

Following completion of planned FY 84 PBF SFD experiments,
SNL DFR ezperiments and the THNI ezamination, the current
follow=on test matrix shall be reformulated, Redesign of the DCC
test capsule may be Becessary to allow for liquid inflow to the
bottom of the debris. Succeeding DCC experiments will use
simulated degraded core material with charsctoristics dictated by
*xamination of the debris from the above mentioned debris
formation experiments. It is currently envisiomed that they will
inclade bdottom flow experiments, in beds that cazm be
semi-stratified during the experiment by fluidization sand
settling. Degraded pin bundles, aloae or inm combinmatiosn with
debris, are also planned. Sapplementary out~of~pile experiments
will be performed when sdvantageocus. These B8y include cramsient
debris~on~concrete experiments that are needed to verify the
smalli-scale experiments of this tYpe that have already been
conducted at SNL.

Sandia personnsel will provide NRC with fast~cresponse
technical comsultation om LVR core~debris~coolability
pPhencomenclogy and provide NRC/DAE with & continuous ASsessment of
Fesearch (aatiomal snd {atersational) in this areas.

Note: With the fonding level projected last year for FYS84
of $1250K, the follow=on experiments could bde moved up
Approximately & yoar from what is projected in this document.
This would permit design and procurement of the Bardware and
Possibly operation for DCC-3 ia FY34 which is now scheduled for
FY85. Additiomal fusds is FY34 vould eliminate this anfortunate
delay.
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4. Descciptios of Aay Follow-0n Efforss

During FYRS and PYS6 o total of three additional experiments
are tentatively plannmed. The purpose of these experiments will
be to iavestigats the effects of ¢oolability for e stratified
bed, for a combined distorted pin snd debris geometry, sad with
coolant amd/or gas bottom feed. Additions] or different
experiments may be required if Other important phenomenas are
identified in the previous PBF/SFD, DFR., or DCC experiments,

5. Belssionship to Otheg Proiects

Debris coclability is an important risk significant branch
point im curreat probabilistice saalyses of operating LVRs, If
the dsbris is coolable the tccident is effectively terminated.
If sot, considerable enhancement of By generation, serosol
production, beat and pressuare genersction ias the containment is
likely. This could have considersble impact onm both contaisment
seffectiveness and the radiological source term. This program
contributes to the bases for Sssesning this critical bramch
point.

Iapile LYR core degradation studies will be performed at SNL
(Debris Formation and Relocation Program) asd at INEL (PBF Severs
Fuel Damage Tests) to determine core and debris charascteristics
At varions stages of s meltdown sccident, A cloee ¢ - espondence
between the results of these experiments and the DCC test matriz
*ill be maintained. The DCC matriz will be rovised to reflect
Bev results on & timely basis.

SNL out-of=-pile phenomenclogical experiments (Technolagy for
Core Melt Retention Concept Assessment) designed to iavestigate
the bebhavior of debris lying atop conerete and to investigate
debris formation from melt sabjected to s slovw guesch can produce
important isformation te the DCC program. Additional debris
types of interest may be ldentified, which will be inmcluded in
the DCC matrix. The perturbetion of debris bed dryout behavior
by gas flow from below has been predicted by models developed
under the LWR program. This model can be verified by comparison
with results frowm these experiments,

6. Reporsing Schedals

Brief monthly letters will be written fummarizing recent
sccomplishments i3 the program. These will be published in the
Techaical Highlighto/Administrative Reports for NRC Advanced
Resctor Safety Resvaten Program. Secti o8 will also be written
and published in the Sandis Advenced Resctor Safety Quarterly
Reports tndicating progress, schievementy and results for the



calendar quarter, Topical Foports will be prepared and issued
Covering each iadividusl ia~core ezperiment.

Pablications for Fyss

1. E. D. Bergeron, et al, “L¥R Severs Core Damage Phenomenclogy
Program Plan, Volume 2, LYR Degraded Core Coolability Program, *
SANDS2-1115 (2 of 2), Sandia National Laboratories, Jume 1983,

2. E. D. Bergeron, "Remsining Uncertaintion ism Predicting the
Coolability Limits of a Degraded Resctor Core, ™ SAND Report,
to be published,.

3. M. S, El-Genk snd R. Coen, “Charscterization of Vapor Ezplosion
Fragments: Pot-onhtltcy Measurements in Mized and Stratified
Beds, " UNM report 0. NE~-95(83) SNL-162-1, June 1983,

4. N, 3, Bl-Geak and D. Louie, *"Porosity aad Capillary Head
Measurements s Particle Beds, ™ UNM report no. NE-94(82)
SURP-080-6, November 1982,

Bablications for FYS4
1. K. R. Boldt, et al, "Results of DCC-1 Experiment, ” Data
Report, October 1983,

TR T Koenstler, et a1, "Results of DCC-2 Experiment, ” Data
Report, May 1984,

3. B. B. Bergeron, ot a1, "Analysis of the Coolability of L¥YR
Severely Damaged Fuel Debris aad Comparison with Ezxperiments
DCC~1 asnd DCC-2, ~ Topical Report, September 1984,

7. Ssbsontzactor Information

It is not anticipated that say significant subcontracts will
be required as part of this task. Expenditures for foel and
fIperiment packages will imount to approximately 30O percent of
the overall program, Expenditures will be performed asing
standard Sandia Nationsl Laboratories purchasing procedures.

8. New Canitel Equiowent Beguized (in order of priority)

Shield storage casks required for #8ch experiment -~ $25K each

Positive displacement Pemp and comtrol system for incorporation
into follow=on experiments for bottom feed == $15¢



