MAY 9 1978 —
MEMORAMDUM FOR: E. &. Case, Acting Director
.. Office of Huclear Reactor Regulation

R. B. Hinogue, Director
Office of Standards Beve?cp%eat

FROM: Saul Levine, Birecter
7 Qffice of %uclear Regulatory Research
SURJECT: * RESEARCH INFORMATION LEVTER #28: MELT/CONCRETE
o IKTERACTIGHS - - o

This Research Information Leiter describes the INTER-1 cede for
caleulating the effects of interaction beiwcen owlten materials and
concrete and the experimental dats base frpm which it was developed.

gytroductien

Programs sponsored by the Division of Reactor Safely Research are helping
to characterize phenomena expected to occur during posiulated fuel melt
accidents in light-water veactors. The principal incentive for such work
1s to improve the ability to provide quantitative assessments of risks
which will assist NRR in making decisions pegarding design and siting.
Its JustiTicalion has been documenied in the Reactor Safety Study

{WASH- 2455)1 ana in Jetters from the Advisory Cewvit%ee on Reactor
Safeguards.? '

In 3ts analysis of physical processas encountered éuriﬁg~varicus melidown
sceparioes, the Reactor Safety Study identified the interaction beiween :
molten materjals and concrete as a significant factor in determining the

time and mode of contaimuent faflure, Specific guestions rajsed included

the rate, direction and mechanism of erosion of the concrete; the rate of
velease and the chemical Torms of decomposition gases and fission producis;
the effécts of the chemical composition of the concrete; and the uncertaanties
assoclated with scaling. The scarcity of applicable data necessary te ‘
fmprove the available mode) led RSR to initiate the resecarch described heve.

1/ 4. A, Cﬁrb?ene?, et al, "Physical Processes jn Reactor Melidowm :
{HUREG 75/014), United States Huclear Regulatory Comaission, Bctober 1975,

2/ ACRS Report on Hater Reactor Safety Research, ¥, R. Stratton to -
D. L. Ray, WMovember 20, 1974, T
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An improved model based on experiments with protetyp3ca1 materials 1s
now available as a result.

Resulis

Resuits From the research are organized into thiree groups derived from
1) separate effects experiments, 2) integrai experiments, and 3) model
development and verificatien. Results from each of these activities are
hagh?wgntee below and described in detatl in Enciosure 1.*  Additicnal
work being eonducted to complete this pragram is also identified.

1. Separate effects experiments are those which are desfgned to differentiate
among stmultaneous and potentially competitive thevmai mechanical,
and chemical phenomena occurring during the in»craction.

The thermal response of several protagypical compositions of concrete
has been fnvestigated by various thermoanalytical techniques {e.g.,
differential thermal analysis and thermogravimetric analysis).
Dehydration and decarboxylation of eured specimens occur over the ranges
30-500°C and 550-600°C, respectively. First-order reaction rates
accurately describe the two distinct dehydration processes observed,

The decarboxylation data fit a reaction rate law of two-thirds order.
These data are necessary to quantify the rates at which gases are
evolved Trom concrete during the integral interaction.

FMonolithic specimens of concrete have been subjected to controlled
thermal Tluxes in order to measure rates of erosion. Erosion is Yinear
with time for a given heat flux, afier correction for thermal losses
through refiection and radiation (Figure 1). The dominant wode of
erosion {s quiescent malting of the gement (i.e., the binding material),
with no differences observed by varying the composition of the aggregate
material, These data are necessary $o interpret evosion rates

abserved in fntegral experiments.

2. Integra} exberiments are these in which pretotyﬁicai molten materials
gontaet concrete,

In *large-scale” experiments, up to 200 kg of molten steel (-1700C)
have been poured 1nto concrete crucibles, Figure 2 ndicates the
appearance of the ensuing fnteraction. In "smallescale” experiments,

4/ b. A Powars, et al, "Exploratory Study of Molten Core Material/
Concrete Interactions, July 1975 - March 1977," SAND-77-2042,
Sandia Laboratories, December 1977. “
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. Figdre 1. Experimentally measured rates of erosion of two types of concrete as a-
function of heat flux. The range of heat fluxes encompasses those anticipated
for a postulated fuel melt accident. *
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EARLY STAGES OF INTERACTION IN WHICH 200KG OF MOLTEN STEEL IS POURED
INTO A CONCRETE CRUCIBLE. AS THE MELT COOLS, RATES OF GAS GENERATION
DECREASE AND THE FLAMES EMANATING FROM THE SURFACE OF THE MELT SUBSIDE.
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up to 15 kg of molten refractory exides {~2800°C) have been generated
via a thermite reactton within concrete crucibles, -

The principal parameters investigated include composition of the
concrete; mass, temperature and composition of the molten material;
and the geometry of the interfacial contact area. In addition to
qualitative fdentification of phenomena by visual observations during
the experiment, quantitative resuits are provided by 1nstrunentation
and post-test examination.

The conclusions drawn from these expariments include tha Tollowing:

~ Erpsion of concrete is therma]lyvdomiﬁaied, with fnsignificant
contributions from mechanical and chemical effects.

- The pvinéipai mechanism of sroston is welting of the binding
material, with no significant qualitative differences caused by
changing the composition of the aggregate.

- The composition of the concrete determines the composition and
masses of gases released at the interface of the wmelt and concrete,

- Turbulence and essentially isothermal ¢onditions are §nduced in
the melt by the passage of decomposition gases.

-~ Hwdrogen and carbon monoxide are among the gases evolved from
the surface of the melt and they burn upon contacting air. This
indicates that the H;0 and COz released from the decompoesing
concrete are reduced chanica??y, most Vikely by oxidizing the
metallic constituents of the melt.

Model development and verification.

The experiments have culminated tn an analytical model (INTER-1) of
the melt/concrete interaction which can help extend thelr vange of
applicability. INTER-1 1s a phenomenological model containing several
enplrically derived constants such as the heat iransfer coefficient
at the melt/concrete Interface. The code's principal outputs are the
rates of axial and radial penetration, the temperature of the welt,
and the generation and chemical veactfons of gases formed by the
decomposition of concrete. Amwong the phenomena considered are
gonvective stirring of the melt by evolved gases, segregation of
molten components into oxidic and metallic layers, dissolution of
decomposition products of concrete into the melt, chemical reactions,
vadiative heat loss from the surface of the melt, and heat transfer
at the wmelt/concrete interface. The code is described in more detail
1n Enclosure 1. - , N
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Discussion

The first of iwé phases of this research has been complieted., Both
qualitative and quantitative data have been generated. Table 1 sumsarizes
the resulting enhancement of the state-of-the-art.

Add1tional efforts in each of the areas fndicated are eontinuing., The
asphasis during the remainder of this program Is on developing betier.
models For directional partitifoning of the heat flux during the {nteraction
and on providing an independent data base against which INTER-1 and
subsequent improved versions can be verified, Auxilliary activities,

all of which require improved quantitative characterization, will examine
relcase of ¥Tission products, chemical interactions ameng gases and
components of the melt, and heat transfer at the melt/concrete interface.

The results reporied here have been widely exposed to expert review

through extensive Interim documentation and through numerous doumestic

and foreign technical meetings (e.g., ANS, topical conferences, ACRS,
fnternational safety {nformation exchanges). RSR's Fuel Melt Review

Group concluded that the work was sufficiently mature, timely, 1nventive
and technically sound that this Research Information Letter be prepared.s

The group alsc noted that “"while the exact fmpact of this work on current
ticensing practice remains to be evaluated, ¥t §s felt that there are
fmnediate applications involving the evaluation of ...{advanced reactors)...
and realistic assessment of pisk for LWR's.”

Since then, informmation from the program has been {ncorporated into
{otegral models of melidown scenarios in LWR's Tor current RES-sponsored
analyses comparable to those In the Reactor Safety Study. HRR has alse
used INTER-1 to evaluate the jnherent retention concept Tor proposed
designs of advancad reactors. Sensitivity studies performed with the code
by RSR are helping to establish prior1f1es for Yurther research. Finally,
the results of the program are applicable to questions raised regavrding
the comparability of consequences of posru1aued meltdown accidents at
Tand-based and floating nuclear plants.

RES concludes that this research has ach?eved most of its initial
ohiectives and that the maJor safely-related phenomena during the
melt/concraete interaction have baen jdentified,

;/ Minutes of the WRSR Fuel Melt Review Group Meeting, March 7, 3977,
~ Albuguerque, New Mexicp, {ssued April 6, 1977.
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TABLE 1

CHARACTERIZATION AND QUANTIFICATION
OF MELT-CONCRETEINTERACTION

Concrete Aggregate

Significant Spalling Upon
Initial Contact

Initial Penetration Rate
(30 minutes)

Steady State Penetration Rate
Agitation of Melt

Solid Crust

Fission Product Release

H50 and CO, Generation

H, and CO Generation

Ho and CO Burning

Partitioning of Heat Flux
(i.e., Direction of Attack)

Effect of Rebar on Penetration
Rate

Time to Melt Through
Scale

Assumed in Wash-1400

Limestone

Yes

7.5-15.2 cm/min
(15-30 ft/hr)

v 3 cm/min
Yes
Yes
Function of Gas Ge;leration
Yes
No
~No

3 Models

Not Significant
18(+10,—-5)hr
Based on Bench Scale

Post-WasH-'1400

Limestone and Basalt

No
Function of Heat Flux

Function of Heat Flux
" Yes
No
UNDER INVESTIGATION
Yes
Yes
Yes

UNDER INVESTIGATION

Not Significant
UNDER INVESTIGATION

Up to 200 kg Melt So Far
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Yhile direct extrapolation of the data to prototypical conditions
rust always be made cautiously, enough eonfidence has been developed
so that no fundamental differences in bebavior are anticipated in
scaling to full-size systems. Reservations exist regarding the
appiication of INTER-1 to predict such variables as the time of
contaiment meltihmrough or overpressurization. Additional planned
experiments o yerify the code are expected to provide more confidence
in its use. The model can best be utilized in its current form to
estimate the relative significance of variations in parameters such as
materilals, prnperties and compositions, nterface heat transfer coefficients,
geemetry, etc, The above conclusions will continue to be evaluated as
inforﬁation becomes avaflable in the Tinal stages of the program.

ﬂecemmandations

The above resu?ts and discussion are offered for user office consideration
for applicaticn to the fdentified regulatory need. The primary significance
of the work described {s the improved understanding of physical phenomena.
RES recognizes that the results are unlikély to have significant near-term
fpact on current licensing procedures. It should, however, provide
additional background information useful in analyzing regulatory issues
involving accidents beyond design basis events. The RES contact for any
further clarification or evaiuation of these resulis §s Dr. Raymond DiSalvo
of the Probabilistic Analysis Staff.

Original Signed by,
Saul Levu—i? i’

Saul Levine, Director
0ffice of Nuclear Regulatory Research

€C: see next page
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While direct extrapolation of the deta to prototypical conditions

must always be made cautiously, enough confidence has been deveioped

so that no fundamental differences in behavior are anticipated in
scaling to full-size systems. Reservations exist regarding the
application of INTER-1 to predict such variables as the time of
contaimment meltthrough or overpressurization. Aaditionai planned
experiments tc verify the code should provide more confidence in its
use. The model can best be utilized in its current form to estimate
the relative significance of variations in parametef@ such as materials
properties and compositions, interface heat transfer coefficients, ;
geometry, etc. Of course, the above conclusions’ ‘will continue to g
be evaluated as new 1nformat1on becomes ava11ab1e in the final stages
of the program. e

/v

,féaul Levine, Director
" 0ffice of Nuclear Regulatory Research
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