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L¥R DEBRIS FORMATION AND RELOCATION - A-1315

Obiscsive

Provide » pPhenomenclogical data bdase for understanding and
snalysis of the in~vessel phase of severe core damage accidents
ia LVR's. This data base is ¢3s3ential to realistically define
Sancertainties in current probabilistic risk assessments (PRA)
used extensively in the regulatory process, aad to develop an
improved NRC PRA ssalysis capabilicy (MELCOR, MELPEOG) for
evaluatiag consequences of severes accidents,

Proszam Obiectives

The sccident at TMI-2 focused attention om the problems
Associated with severe LWR aceidents, The Damaged Fuel
Relocation (DFR) Program, and other programs, have been initiated
by NRC to inavestigate the key in=vessel phenomena that determine
the progression and Consequences of the severe core damage
sceident. The objective of the DFR program is to provide a
SBique separste effects data base that allows realistic model
development asand $8queace analysis, The models developed are
essential to anderstanding Uncertainties in risk estimates,
taslyzing the requirements for and effectiveness of mitigation
features, or snderstandiang the important aspects of respondiag to
& Severe core damage sccident.

This program uses the information and perspective gained in
NRC safety analysis programs (MELCOR, MELPROG, SASA, SAUNA) and
the severe fuel damage Phenomenoclogy prograsms, to identify the
needs and major safety issues., The major areas of phenomenclogy
which will be sddressed by the DFR program inelude:

1. Behavior of fuel and cladding during core degradation
from an intact §eometry to a damaged core or debris
configuration,

1. Response of the severely damaged core to the reiatro~
duction of (ECCS) coolant, especially the redistribation
of quenched material, short term ¢ooldown, increased
fteam generation, and oxidation resction kinetics,

Iaformation concerning the primcipal pPhysical processes which
Océcur duriang the severe core damage and the terminstion phase (3
seeded to assure:

“= Correct assessment of the sceident conditions and
eaviroament, inclading core configuration and
potentisl hydrogen and radiologiceal source terms.
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== Improved estimates of the time available for corrective
action and/or evaluation.

== Aa understandiag of the effsct of the reintroduction
of coolant to the damaged core, including transient
steam/H,; offects and coolability implications.

== Design of effective sceident mitigation systems.

== Ianformed prediction of the aceident progression
and dissemination of factual iaformation.

== Suf’ileient informatios teo establish procedures and

traiaing programs to assure proper response
implementation.

This information is an essential feature of zeliable risk esti~
mates and an important ingredient ia establishing licemsing
requirements,

The foeus of the DFR experiments is on phenomenoclogical
investigations which can readily be used to develop accident
models. Models developed from fondamental anderstanding of the
tocident process allows reliable predictions to be made over a
broad range of possible sccident conditions. Accurste
predictions of sccidest behavior cannot be usmniquely mads based on
“"end rtate” dats for a few "simulations ™, consequently, the
following fesatures have been incorporated into the DFR program:

1. The exzperiments will be relatively small scale (9 rod
bundles) to permit a partametric experimental approach.
The important parameters include steam flow rate, rela-
tive pressare, azxial temperature gradient, amd the
damage conditions at quench. Other parameters include
fael geometry (PYR vs. BYR), the effect of fuel crackiag,
and the influence of the fuel Spacer location.

2. The experiments will atilize the ACRR, to provide &
fission heat source to simulate decay heat conditions,
and an external steam sapply to provide preconditioned
$tesm (o.g., superheat, flowrate, pressure), This
Approsch allows the correct phenomenoclogical condi-
tions to be obtained.

3. High resolution disgnostics will be utilized to obtain
fcourate phenowenclogical data throaghout the accident
Sequence. The most important form of disgnostics
iavolves direct v..nal observation of the fuel bumdle
during the damage progression. Bydrogen detection
(Raman Spectroscopy) an ‘endiometric temperature



Msasurements are also utilized in DFR tests.
Post~Irradiation Examinetion will slse be employed
to determine detailed end state conditiocns.

Unit experiment costs vill be kept as low as
possible to allow mazimum coverage of the key
in~vessel parameters. Furthermore, ¢xperiment
bardware will be designed to be flexible im order
to provide quick Fesponse to our chansging under~-
standing of data needs, perticularly in sapport
of the development of saccident progression codes
used both by IDCOR 4ad NRC ia severe accident
rolemaking activitioe,

The DFR exzperimental Program will be implemented ian two
Sxperiment series:

1.

Demaged Fuel Relocation (DF) == visually observed fuel
damage in flowing steam eaviroanment using neutromic
heating of small test bundles and slow ccoling
terminsation of the experiment.

Damaged Fuel Quench (DQ) == &8 in the DF experiments,
¢Icept that the experiment is terminated by quenching
the damaged fuel buamdle.

i. Ssmmagy of Priogr Efforcs

During FY83, work was performed in all of the major elements
of the DFR program inclaoding:

Completion of Disgnostic Development Tests
Completion of OOP Steam System and Test Assemblies
Completed 00P Tests on:

== Raman By Measurements

== Cu0 Recombination Tests

==~ System Hardware Tests

-= OPST-1

Fabricated Ia~Pile Steam System
Fabrication of DP-1 Hardware

ACRR Safety Review Committen Hearings

DF~1 Scheduled for Sept/FY83

Diagnostic development tests have been completed inm both air
sad steam eanviromments to develop visual disgnostics for DFR
configurations. These tosts have demonstrated that high
resolution visual observation is achievable snder these
conditions snd that radiometric temperature Bessurements can be
made, both directly asnd with film,
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Several series of tests have been performed with the 0OP
Stoam system. The use of Raman $pectroscopy (pulsed UV) to
measure the lz eoncentratios in the bundle effluent. Test series
have been completed to demonstrate seasitivity (~1% Hy ina steam),
linearity as » fanctiom of Pressure, and to demonstrate
compatibility betwveen the UV laser light and induced fluorescence
and visual optical fquipment.

Tests were also performed to demonstrate the officiency of
the Cul recombinstion bed. Tests were ruam at & rsage of Cal
temperstures (320-500°C) sad steam/Hy ratios which confirmed that
vith Ca0 temperatures above 420°c, essentially no Hy buildup is
observed during the duerstion of the test,

System demonstration tests (OPST) were performed to test the

intagration of steam sapply, optical system, and data acquisition
and coantrol systems.

The hardware for the ia~pile tests was fabricated and
Assembled for the DF-1 ¢xperiment which is scheduled for
September.

The DFR reactor safety reviev was completed. The complexity
of these compuater~controlled, Sctively contained tests required
¢xtensive review. Several sets of safety-related verification
tests were defined and performed.

3. VYozk to be Pezformed snd Ezpected Resul:cs

Duriag FY33 out-of-pile development tests vere completed and
the DF-1 test will be performed to imitiate the in=-pile test
series. Duriag FYS4, the first phase (DF) of the DFR tests will
be completed and the DQ series of tests will be initiated. The
DFR program is being comsidered in three phases:

Phsse 1 DF Series

== 5 experiments with visoal diagnostics.

== Steam flow rate aad relative pressure effects.
~= BYR vs, PWR j§eometry,

== Grid spacer location effect,

== Iaitial to sabstanmtial melt relocation.

Phase 2 DQ Series

== 5 separate-effects experiments, with reflood.

== Matriz onm damsage and quench factors (steam flow,
initial condition, relative pressure, fuel
cracking spacer location, quench mode and rate,
¢xtent of damage).
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Phase 3 “"Respounse”

== Follow=-oa experiments if required.
== Respoad to saresolved issues.

The Phase I exzperiments are scheduled for completion in FYS4.
Queached experiments, Phase II, wil} begia in 4Q FY84 and are
scheduled for completion ia FYSS.

4. Egllow=0g3 Effozts

Beyond FYSS o third phase of the DFR program is possible.
This work may include sdditionsl ezperiments saggested by the
results of the DF and DQ ¢xperiments, gross melt relocation
experiments and continmed experiment analysis and model
development,

5. BRelationship to Other Pzoiscts

This program is providing eritical data relevaat to a4 number
of severe accident ralemaking related programs. Specifically the
data relates directly to Bncertainty snalyses being conducted in
the Severe Accident Sequence Asalysis Program (DAE), asad the Melt
Progression Phenomenclogy Program (DAE). Furthermore,
Phenomenclogical models based in part om this dats will go
directly iato the NRC PRA code MELCOR and the Phencomenological
¢odes SCDAP and MELPROG. Dats from this program will confirm
models used to predict .2 generation rates and timing and
contribute to a number of NRC programs to deal with '2 control.
Since knowledge of the thermophysical conditions in~vessel is
éritical to correctly quantify fissiom product chemistry and
hence release fractions, data generated inm this program is
required bdefore reslistic fource terms can be generated.

Finally, since s severe Accident is not over umtil the debris can
be cooled, this program provides importamt iaformatios on debris
charscteristics essential to defining coolability limits. Damage
States defined as & resalt of this work will be used with the
basiec LWR coolability models to determine at whet stage in the
sccident the debris cam be cooled and how best to do so. This
program also relates to the large scale test program being
conducted at the Power Burst Facility. Small scale separate
effects experiments complement PBF results by providing & broad
coverage of parameter Space not possible in large integral tests.

6. Repoxtiag Schedule

Results from the DFR program will be reported im topical
reports, In eddition, regular and frequent communication between
NRC amd SNL project leaders will be Ssintained through telephone
and scaff visits to the $ige. A mid-year program reviev will be
conducted to evaluate Progr¥ms results and implications for future
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directions, Furthermore, regulsar monthly and quarterly reports
will be provided.

No subcontractor sapport required.

8. Liss of New Capital Equioment Reguized -- FYs3

Multi~Channel Optical Analyzer -- 34K

9. Usilizatiom of Eacilities and Tess Installation

This program atilizes the Aanular Core Research Resctor
located at Saendia Laboratories. This reactor is unique ia the
world in that it provides large exposare volumes both ia steady
State and in a prompt burst mode. The facility represents a
capital iavestment of spprozimately $10M and hes an sanual
operating cost of $850,000. It is estimated that & period or §

years would be required to replace this facility at a cost of
$25m.

10. Conflict of Iategess

No significant contractual or organizstional relationships
of Sendia Nationmal Laborastories, its employees, or anticipated
sabcontractors and/or consultants exists with indastries
regulated by the NRC and sappliers thereof that might give rise
0 am apparent or actual comflict nf interest,




