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LWR DEBRIS FORMATION AND RELOCATION - A-1333I

Ohleetive,

Provide a phenomesological data base for understanding and
analysis of the La-vessel phase of severe core damage acoidentsin LWR's. This data base is essential to realistically define
sacertainties in surrent probabilistic risk assessments (PRA)
seed estensively in the rossistory process, and to develop an
improved NRC PRA analysis capability (NELCOR, NELPROG) for*

evaluating oom se q ue nse s of severe assidents.
Promena Ohleetives

The assident at TNI-2 foessed' attention on the problems.

assestated with severe LWR assidents. The Damaged Fuel!

Reloostion (DFR) program, and other progress, have been initiated
by NRC to investigate the key La-vesset phenomena that determine
the progression and consequences of the severe core damageassident. The objective of the DFR program is to provide a
saigne separate effects data base that allows realistic modeldeveloyeest and sequence analysis. The models developed are
essential to understandlas sasertainties is risk estimates,
smalyzing the requirements for and effectiveness of mitigation~

features, or understanding the important aspects of responding to
a severe core damage aseident.,

This program uses the information and perspective gained in,

NRC saf ety analysis prostsas (MELCOR. MELPROG, SASA, SAUNA) and
the severe fuel damage phenomenology programs, to identify theneeds and major safety issues. The maj or areas of phenomenologywhich will be addressed by the DFR program imelade

1. Behavior of fuel and cladding during core de g r.a da t i o n
from am 1staat geometry to a damaged core or debris

,

configuration.

1. Response of the severely damaged core to the reintro-
,

'

duction of (ECCS) ooolant, especially the redistribution
of queashed asterial, short tera cooldown, increased
steam generation, and osidation reaction kinetion.

Information conserains the prisolpal physical processes which
|

oscar during the severe core damage sad the termination phase isneeded to assures
;

-- Correst assesament of the aseident oosditions andenvirossent, inslading core configuration and
potential hydrogen and radiological .

source terms.

.
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Improved estimates of the time av a il ab l e for serrestive--

- action and/or evaluation.

-- An anderstanding of the offset of the reintrodastion
of seelaat to the damaged eere, imelading transisat
steam /E2 effects and coolability,inplientions.

Desiga of offsetive aseident sitigation systems.4 --

Informed prediation of the assident progression--
'

and disseminaties of fastaal information.
.

-- Suf *1e ien t information to establish procedures and
tratains programa to assare proper response.
Laplementation.

This information is an essential feature of reliable risk esti-
mates and sa important ing re dien t is establishing lisensias
requirements.

The foems of the DFR esperiments is en phenomenological
investigations whisk saa readily be used to develop assident
models. Models developed *from a fundamental suderstanding of the,

assident prosess allows reliable predistions to be made over a
|,

bread reage of pos sible assident senditions. Assurate
prediations of sesident behavior sansot be uniquely made based ea
"ead eta te " da ta for a few "s laul a t ion s ", sensequently, the>

following festures have been imeerporated into the DFR program:

|,
1. The experiments will be relatively small seale (9 rod

bundles) to permit a parametria esperisestal approsek.
The important persnoters imelade steam flow rate, rela-
tive pressure, axial t em p e r s't a re gradioat, and the

| damage senditions at queash. Other parameters inslade
fuel geometry (PTR vs. BTE), the effect of fuel cracking,
and the influense of the fuel spaser location.

2. The esperiments will stilize the ACER, to provide a
fission heat soarse to sinalate decay heat senditions.
and an external stena supply to provide pressaditioned

' steam (e.g., superheat, flowrate, pressure). This
approach allows the correct phenomesological condi-
tions to be obtained.

!

3. Eigh resolution diagnosties will be stilised to obtain
seearate phenomenological data throughout the assident
sequease. The most important form of dissaosties
involves direct v..ast observation of the fuel bandleduring the damage progression. Hydrogen detection
(Ramaa Spoetroscopy) sacarad iome tric t e e p,e r s t a r e

.
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asasurements are also uti11:ed in DFR tests.'

Post-Irradiation Rzaalaation will also be employed
to determine detailed end state conditions.

4 Unit esperiment oosts will be kept as low as
possible to allow maziana coverage of the key
la-vessel parameters. Furthermore, e xp e rime n t
hardware will be designed to be flexible is order
to provide quick response to our changing sader- -

standing of data aseds, particularly la support,

of the develoyeest of seeident progression codesi

used both by IDCOR and NRC la severe assident
ralensking activitiss.

The DFR experimental program will be Laplemented in two
experiment series:

1. Damaged Fuel Reloestion (DF) -- visually observed fuel
damage La flowing steen environment using mostronic
heating of small test bundles and slow sooling; termination of the experiment.

! 2. Deanged Fuel Quessh (DQ) -- as in the DF esperiments,
easept that the experiment is terminated by quenching
the damaged fuel bundle.

~

2. Summary of prior Efforts

During FT83, work was pe rf ormed in all of the major elementsof the DFR program including:
! Completion of Diagnostis Development Tests--

t

| Completion of OOP Steam System and Test Assemb1Les--

Completed OOP Tests--
on:

-- Raman 22 Nessurenests
-- Ca0 Recombination Tests

Systen Hardware Tests--

~~ OPST-1
Fabricated In-File Steam System--

Fabrication of DF-1 Eardware--

-- ACER Safety Review Committee Bearings
-- DF-1 Scheduled for Sept /FY33

Diagnostie development tests have been completed La both air
and steam environments to develop visual diagnosties for DPR
seafigurations. These tests have demonstrated that high
resolution visual observation is achievable under these
somditions and that radiometric temperature measurements can bemade, both directly and with film.

'

.

4

9

.
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Several se rie s of tests have been pe rf ormed with the 00P
steam system. The use of Ramaa spectroscopy (pulsed UV) to

.

messare the H2 soseentration in the bundle effluent. Test serieshave been completed to demonstrate sensitivity (~1% E2 in steam),linearity as a faastion of pressare, and to demonstrate
compatibility be tween the UV laser light and induced fluoresoonce
and visual optical equipasst.

Tests were also performed to demonstrate the efficiency of
the Ca0 rooonbiastion bed. Tests were ran at a range of Ca0tempe ra ture s (320-500*C) and steam /H2 ratios which confirmed that'with Ca0 tempe ra ture s above 4200C. easeatially no H2 buildup isobserved daring the duration of the test.

System demonstration tests (OPST) were performed to test the
integration of steam supply, optical system, and data acquisitionand control systems.

.

The hardware for the la pile tests was fabricated and *

assembled for the DF-1 experiment which is scheduled forSeptember.

The DFR reactor safety review was completed. Tie complexity
of these computer-controlled, actively contained tests required
extensive review. Several se t s of safety related verificationtests were defined and performed.
3. Work to be performed and Ernected Results

.During FT33 out-of pile development tests were completed and
the DF-1 test will be performed to initiate the in pile test
series. During FT84, the first phase (DF) of the DFR tests will
be completed and the DQ series of tests will be initiated. TheDFI program is being considered in three phases:

Phase i DF Series,

;

5 experiments with visual diagnostics.--

Steam flow rate and relative pressure effects.--

BTR vs. PWI geometry.--

Grid spaser loestion effect.--

-- Ialtial to substantial melt relocation.
Phase 2 DQ Series
-- 3 separate effects experiments, with reflood.
-- Matrix om damage and quench factors (steam flow,

initial condition, relative pressure, fuel
ersoking spacer loostion, quench mode and rate,
extent of damage).

.
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pha se 3 " Response"

-- Follow-on esperiments if required.
Respond to marssolved issues.--

The Phase I experiments are scheduled for completion in FY84
Gaeached experiments. Phase II. will begin in 4Q FY84 and are
scheduled for completion la FY85.

4 Follow-On Efforts

Beyond FTSS a third phase of the DFR program is possible.
This work any isolade additional experiments saggested by the
re sul t s of the DF and DQ experiments. gross melt relocation'

experiments and contiamed experiment analysis.and model
development.

$. Relationshin to Other Profects

This program is providing critical data relevant to a number
of severe assident rulemaking related programs. Specifically thedata relates directly to amoertainty analyses being conducted is
the Severe Aasident Sequence Analysis Program (DAE), and the Melt
Progression Phenomenology Program (DAE). Furthermore,
phemenemological medels based in part on this data vill go
directly into the NEC PIA code MELCOR and the Phenomenological
codes SCDAP sad NELPROG. Data from this program will confirmt models used to predict E2 generation rates and timing and
contribute to a maaber of NEC programs to deal with 52 control.Since knowledge of the thermophysical conditions in-vessel is
critical to correctly quantify fission product chemistry and
hence release fractions, data generated in this program is
required before realistic source terms esa be generated.
Fina lly ,-s t ac e a severe aeoident is not over natil the debris esa
be cooled, this program provides important information on debris

i

I

charsettristics essential to defining coolability limits. Damage
states defined as a resalt of this work will be used with thebasie LTR ooolability models to determine at what stage in the
acoident the debris can be cooled and how best to do so. This
program also reistes to the large seale test program being
condasted at the Power Barat Facility. Small seale separate
offsets esperiments souplement PBF re sults by providing a broad
coverage of parameter space not possible in large integral tests.
6. Resortina Schedale

tesalta from the DFR program will be reported in topicalreports. In addition, regular and frequent communication between
NEC and SNL project leaders will be asistained through telephoneand staff visits to the si e. A mid year program review will be
coadasted to evalaste progr e-results sad implications for fatare

,

.
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directions. Furthermore, regular monthly and quarterly reports'

will be provided.

7. Subcontractor Information
No subcontractor support required.

8.. Lis_t of New Canical Eaninaent Recnited -- FYg3
*

Multi-Chamael Optical Analyzer -- 34K
9. Utilization of Facilities and Test Installation

This program stilizes the Annalar Core Research Reactor
loested at Saadia Laboratories. This reactor is unique in the
world in that it provides large exposare volumes both in steady
state and in a prompt burst mode. The facility represents a
capital investment of approximately $10N and has sa annust
operating cost of 8850,000. It is estimated that a period of 5
years would be required to replace this facility at a cost of$25M.

10. Conflict of Interest.
No significant contractual or organizational relationships

of Sandia Naticaal Laboratories, its employees, or anticipated
subcontractors and/or consultants exists with industries
regulated by the NRC and suppliers thereof that might give rise
to na apparent or actual conflict of interest.
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