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M. G. Chasanov* and B. R. Sehgal**

ABSTRACT

A program of laboratory investigations has been undertaken at Argonne National

Laboratory* under sponsorship of the Electric Power Research Insti tute, in which the

interaction between molten core materials and concrete is studied, with particular

emphasis on measurements of the magnitude and chemical species present in the

aerosol releases. The experiment technique used in these investigations is direct

electrical heating in which a high electrical current is passed through the core

debris to sustain the high-temperature melt condition for potentially long periods

of time. In the scoping experiments completed to date, this technique has been

successfully used for corium masses cf 5 and 20 kg, generating an internal heating

rate of 1 kw/kg and achieving melt temperatures of 2000C. Experiments have been

performed both with a concrete base and also with a cooled base with the addition of

H2/C0 sparging gas to represent chemical processes in a st rat i f ied layer. An

aerosol and gas sampling system is being used to collect aerosol samples. Test

results are now becoming available including masses of aerosols, X-ray di f f ract ion,

and scanning electron microscope analyses.

In addition to the small-scale scoping tests, a new fac i l i t y is being developed to

perform larger scale, integral tests for addressing issues important to the modeling

of the various features of molten core-concrete interactions. Foremost among these

issues is the characterization of the aerosol release, but this also includes

related topics such as upward and downward heat transfer rates, chemical inter-

actions in the interaction zone, gas-release effects upon mixing of layers of

differing density in the interaction zone, gas release effects upon intermixing

between the concrete decomposition products and the core melt layers, sparging as

well as vaporization aerosol sources, and oxidation rates of metallic constituents

of the corium. The approach in i t ia l l y is to focus on the one-dimensional upward and

downward heat and mass transport processes, taking into account the large lateral

dimensions of reactor cavities in relation to the depth of the interaction zone. In
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the development of the experiment capability, the existing direct-electrical heating

(DEH) approach employed at ANL is being adapted for the large-scale facility.

Various core melt n.xtures consisting of UO2, ZK^, Zr, SSt (plus oxides), CaO,

SiO2, and fission product mocks such as La2O3, BaO, and SrO will be melted in this

facility and will be sustained in the molten state in contact with various types of

concretes. A corium mass of about 300 kg is planned (50 x 50 x 15 cm).

INTRODUCTION

Background

During a severe reactor accident, partial cladding oxidation and fuel melting and

slumping can occur, releasing volatile fission products into the primary system and

possibly into the containment building. The presence of radioactivity within the

containment building could endanger public health should a failure of the contain-

ment building release the contents to the atmosphere. If the accident proceeds

further and molten core debris causes primary vessel failure, the debris could

interact with concrete at the bottom of the reactor cavity. The ex-vessel inter-

action of molten core debris with the concrete basemat might contribute further to

the source term through generation and transport of aerosols carrying nonvolatile

fission products.

Interaction of core melt materials (corium) with concrete at the bottom of the

reactor cavity takes place in four stages, namely:

Stage 1 - Corium Jet Impingement. The corium flows from the bottom of the failed

RPV and impinges on the concrete base, splashing and spreading out on the base. The

basemat is rapidly eroded by the impingement heat flux, but the duration of the jet

impngement is relatively short. An aerosol 'spike" is expectea at this time. The

corium temperature may be reduced initially by partial quenching if water is present

in the cavity. The corium temperature will be additionally reduced due to the

impingement heat flux into the concrete and the heat sink provided by the concrete

decomposition products mixing with the corium. Hence the initial conditions of the

molten core-concreto interactions (MCCI) are influenced by heat losses and dilution

of the melt which occurs during the impingement stage.

Stage 2 - Early Aggressive Interaction Stage. Oxidation of metallic species in the

corium, notably Zr, is a major contributor to the internal heat generation during

this stage. The corium is spread to a nominally uniform depth on the available



floor area in the cavity. The lateral dimension of the cavity is typically much
greater than the depth of the corium layer, and hence the MCCI is well characterized
as a one-dimensional process. The chemical plus decay heat are lost from the melt
layer by heat transfer processes which typically involve a downward loss into the
basemat concrete, an upward loss by radiation and convection to the overlying atmos-
phere and structure, and an upward loss by transport of the gases flowing though the
melt layer. The early aggressive interaction stage is characterized by relatively
high melt temperature, relatively rapid downward erosion, high gas flow through the
melt layer from decomposition of the concrete, and possible significant releases of
aerosol and fission products.

Stage 3 - Long-term Erosion Stage. Oxidation of metallic species is essentially
complete and internal heat generation is by decay heating only. Oxide melt has been
considerably diluted by concrete decomposition products. The corium temperature is
much lower, but the corium freezing temperature has been reduced by addition of the
concrete decomposition products. The concrete erosion continues at a reduced rate,
and the gas release produces a bubbly flow regime. The aerosol and fission product
release is small, but continues for a long period of time.

Stage 4 - Solidification Stage. The temperature of the melt eventually reduces to
the freezing temperature and thick crust zones are formed. Downward penetration
occurs at an exceedingly slow rate. Aerosol generation becomes negligible.

Objectives

Argonne National Laboratory has undertaken an experiment program, sponsored by the
Electric Power Research Institute, to examine aerosol and fission product releases
during the early aggressive attack and long-term erosion stages of the corium-
concrete interaction. The principal objective of the out-of-reactor tests is to
obtain data pertaining to the aerosol and fission product release. Information
sought includes the aerosol release rates and a characterization of the aerosols,
i .e. , size, shape, elemental composition, number density, and chemical species.
Other aspects to be-examinrd include the downward heat transfer and concrete
ablation rates, the mixing of corium constituents in the melt layer, the boil up
behavior of the MCCI zone due to the upward passage of gaseous decomposition
products, and the gas release rates. These data are needed to further the under-
standing of the interaction phenomena for code modeling and validation purposes.



Approach

Direct e lect r ica l heating is being used in the tests for internal heat generation in

the corium that is analogous to reactor decay heat. E lect r ic current is passed

between tungsten electrodes that form two walls of the test apparatus. The melt

temperature is varied by varying the power input.

A series of small-scale test (~ 5 kg corium inventory) have been conducted to

develop experiment and diagnostic capab i l i t ies . Gas sparging was used to represent

the upward flow of gaseous concrete decomposition products through the melt.

An intermediate-scale test apparatus, s imi lar in design but scaled up in size from

the small-scale apparatus, has been completed and an aerosol col lect ion and gas

sampling system constructed. Gas sparge tests have been performed in the

intermediate-scale test apparatus (20 to 25 kg corium inventory) and fu l ly -ox id ized

corium-concrete interact ! ,;: tests are now being conducted.

The exist ing direct e lec t r ica l heating approach is being adopted to a large-scale

f a c i l i t y having a test cavity measuring 50 cm square at the base and holding up to a

300 teg corium inventory. Various core melt mixtures consisting of UO2, ZrO2, Zr,

stainless steel (plus oxides), CaO, SrO2, and f ission product mocks such as 1^3'

BaO, and SrO wi l l be rcelted in this f a c i l i t y and sustained in the molten state in

contact with various types of concretes.

EXPERIMENT DESCRIPTION

The corium-concrete experiment system consists of a corium containment apparatus, an

elect r ic power supply for direct e lect r ic heating of the corium, a water supply for

cooling the containment apparatus, a sparge/carrier gas system for introducing

sparge gas into the corium or transporting the off-gases, an aerosol co l lect ion and

gas sampling system, a vent i la t ion system to f i l t e r and exhaust the gases, and a

data acquisit ion sys_tem (DAS). The corium containment apparatus is located within

an inerted enclosure in a test c e l l . Al l control of power, cooling water, and

sparge or carr ier gas is from an experimenter area outside the test c e l l . Heavy

doors of the test cel l are closed to prevent personnel access during an experi-

ment. A window in the wall of the enclosure permits the apparatus to be viewed

during experiment operation via a video camera mounted wi th in the test c e l l .



Real reactor materials are being used in th is experimental program to study conum-

concrete interactions during postulated severe accidents in l i gh t water reactors.

Prior to each experiment, the corium inventory is loaded into the apparatus in the

form of a powder. The corium powder contains depleted UO2 and oxides of i r on ,

n ickel , chromium, and zirconium in the proper proportions to represent a degraded

LWR core. This powder has a low thermal conductivity at room temperature. The use

of a water-cooled apparatus made of brass, coupled with the low thermal conductivity

of the cold corium powder adjacent to the apparatus wal ls, provides the insulat ing

envelope necessary to contain molten corium for extended test durations.

Experiment Apparatus

The design of the corium containment apparatus was proven with a series of small-

scale scoping tests (base dimensions 10 cm by 10 cm) and successfully extrapolated

to the larger size (base dimensions 20 cm by 20 cm) of the intermediate-scale

tests. An intermediate-scale corium containment apparatus consists of 10 "IP-shaped

brass segments, e lec t r i ca l l y insulated from each other by zirconia f e l t , that are

stacked together to form the base and sides. Tungsten electrodes, supported in

machined electr ical insulators, form the ends of the apparatus. A 2.5-cm thick

blanket of insulation rests on top of the apparatus and supports the top cover,

which is the base of the aerosol col lect ion and gas sampling system.

Figure 1 i l lus t ra tes the corium apparatus used for an intermediate-scale gas sparge

test wi th in the inerted enclosure. Shown are the water-cooled wall and base

sections, the electrodes, the gas sparge tubes, the corium inventory, and some of

the support systems. For gas sparge tests , the base section of each "U"-shaped

segment is 1.9 cm th ick, 3.8 cm high, and 20.3 cm long.. There are 10 locations for

gas sparge tubes in each base section; these tubes are manifolded to the gas supply

through a 1.1-cm dia. bl ind hole dr i l led in each base section. Each side section is

1.9 cm square by 22.9 cm long. Two side sections and one base section are bolted

together to form one "U"-shaped segment.

Five sides of the corium containment apparatus for a gas sparge test are water

cooled. Copper cooling tubes are si lver soldered to the outside of the bottom and

side sections of each "U"-shaped segment. Addit ional ly, the two electrodes are

backed by a 0.64-cm thicK copper plate which has copper cooling coi ls soldered to

the outside surface. The 10 cooling tubes on the base of the apparatus are con-

nected in series and supplied with cooling water whose flow rate and temperature

rise are monitored to determine the downward heat loss. Likewise, the heat loss

through each side and each electrode are monitored separately.



Figure 2 illustrates the corium apparatus for a MCCI test within the inerted

enclosure. The design of the apparatus for MCCI tests is similar to that for the

gas sparge tests, but the side sections of each "U"-shaped segment are longer to

accommodate a 30.5-cm high concrete basemat within the apparatus. No provision for

water cooling the base of the apparatus or introducing sparge gas is necessary. The

base section of each "U"-shaped segment is 1.9 cm square by 21.6 cm long. Each side

section is i.9 cm square by 71.1 cm long.

Power Supply

Power for internal resistance heating of the corium powder to test conditions is

proviued by a power supply consisting of two transformers. A high-voltage, low-

current (118 v, 100 a) transformer provides the low power preheat. Melt operations

are achieved and sustained from a low-voltage, high-current (48 v, 2000 a)

transformer.

Because corium powder is a poor electrical conductor at low temperature, the con-

ductivity of the powder bed must be enhanced during start-up. In the intermediate-

scale tests, four 1.4-cm dia. tantalum coils, each containing about 3.8 m of 1-mm

dia. wire (50 g), are buried in the corium powder and connected to the electrodes.

During the test preheat stage, power passing through the tantalum coils locally

heats the corium powder, increasing its electrical conductance. When the powder

becomes sufficiently conducting, test operation is shifted to the high-power trans-

former. The transformers are shielded and interlocked for personnel safety.

Apparatus Instrumentation

The apparatus is heavily instrumented to monitor and guide experimental operation
and to log data for subsequent evaluation. Parameters monitored include the input
power, directional heat losses, corium temperature, sparge/carrier gas temperature
and flow rate, and temperatures within the concrete basemat. Also input to the data
acquisition system are gas temperatures in the aerosol collection and gas sampling
system. These data are logged with a Model 9845B Hewlett-Packard computer operated
in conjunction with a 3497A data acquisition/control unit and a 3456A digital volt-
meter. Current capacity of this DAS is 80 channels of input data.

Two measurements of input power to the test apparatus are made. One utilizes a cur-
rent transformer and a Hall-effect wattmeter. The other uses a current transformer



TO AEROSOL COLLECTION AND
GAS SAMPLING SYSTEM

APPARATUS ENCLOSURE

CARRIER
GAS

COOLING
WATER

INSTRUMENT
LEAD WIRES

TO DAS

POWER v
SUPPLY {_

BUSS BARS

CORIUM

THERMO-
COUPLES

WATER
COOLING
TUBE

TANTALUM LINER

a

> '
• a ' •

INSULATOR

INERT ATMOSPHERE
m

TANTALUM
STARTER COIL

TUNGSTEN
ELECTRODE

WINDOW

WATER-COOLED
COPPER HEAT SINK

WATER-COOLED
FURNACE WALL

. 20 Cm .

Figure 2. Illustration of Apparatus for Intermediate-Scale MCCI Test.



and the measured voltage drop across a one-ohm resistor. Heat losses are indiv idu-

al ly monitored through each of the f ive water-cooled apparatus walls. The water

flow rate through the cooling coi ls on each wall is measured with a turbine flow-

meter; i n l e t and outlet water temperatures are measured with chromel-alumel

thermocouples. These data are processed by the computer to provide both the direc-

tional and total apparatus heat losses.

Corium temperatures are measured with four W-5Re/W-26Re thermocouples located within

thermowells that extend horizontally through an apparatus wall to position the ther-

mocouple junctions near the center of the melt. Bare wire thermocouples in alumina

and zirconia thermowells have been used with l imited success. Other types of

ceramic thermowells are under evaluation, as is the use of tantalum sheathed,

beryl ! ia insulated, W/Re thermocouples in tungsten thernowells. An array of 15

chromel-alumel thermocouples in each concrete basemat measure temperatures in the

concrete from the surface to a depth of 28 cm.

A rotameter measures the flow of sparge or carr ier gas to the test apparatus. The

temperature of the gas is measured by chromel-alumel thermocouples prior to entering

the apparatus and at a number of elevations along the off-gas piping downstream from

the test cavi ty.

Gas Sparging System

Gas sparge tests served a developmental role in preparing for the corium-concrete

interaction tests by demonstrating the successful extrapolation of the test appar-

atus to the intermediate-scale size and the unimpeded upward movement of hot gas

through the corium. In the sparge gas system, one or more gases are passed through

a mixing chamber to deliyer 2 straight gas or blended mixture to a manifold within

the apparatus enclosure. T i i s gas is distr ibuted to each of the 10 base sections of

a gas sparge test apparatus from this manifold. As described ear l ie r , there are 10

locations for gas sparge tubes in each apparatus base member, for a total of 100

sparge tubes in an intermediate-scale apparatus. Alumina gas sparge tubes 6 mm 0D

by 38 mm long relea$e the sparge gas into the melt. The d is t r ibut ion of gas into

the melt is controlled by the number and location of active gas sparge tubes.

Aerosol/Gas Release Diagnostics

Early scoping tests u t i l i zed an off-gas system that consisted of an out let pipe

discharging the sparge gas into the test cel l in parallel with a short gas l i ne



containing a porous stainless steel f i l t e r . Development of an aerosol collection

and gas sampling system was begun in conjunction with the installation of a gas

exhaust system that connected the test apparatus to the building

venti 1 ati on/f i1trat i on system.

For intermediate-scale MCCI test 1-5, the f i r s t cerium-concrete interaction test in
the intermediate-scale series, the apparatus cover was modified to incorporate a
carrier gas injector to introduce inert gas around the reaction gas for sampling and
analysis purposes. The injector contained a porous stainless steel flow distr ibu-
tion device and a flow straightener to provide a uniform annular gas flow that
enveloped the reaction gas leaving the test cavity. A gas sampling system was
constructed that contained two devices for exposing aerosol collection coupons to
the gas stream and provisions for collecting three gas samples during the test-
Each of the two coupon holders was f i t ted with four stainless steel coupons, posi-
tioned both parallel with and normal to the gas flow. The coupons were exposed to
the corium- and reaction-gas stream at two different elevations, 0.80 m and 1.35 m
above the top of the test apparatus. These coupons collected aerosol samples in a
manner similar to the sample trees in the four Source Term Experiments Project
(STEP) in-reactor tests (_1_). This gas system also contained an on-line CO monitor.

Major advances toward a complete aerosol collection and gas sampling system were
m?.de in preparation for intermediate-scale MCCI test 1-6. The system now in use is
i l lustrated in Fig. 3. I t consists of the carrier gas injector, main flow piping
and f i l t e r s , a bank of five f i l t e r and gas sample lines, a STEP aerosol sample
canister and f i l t e r , plus CO, CO2, and ^ 0 monitors. The bank of five lines
containing f i l te rs and gas sample bottles was operated in sequence to collect
particulates and gas samples at different times during test 1-6. Two coupons, one
tantalum and one graphite, were located within each f i l t e r to provide additional
information on particulate. One of the chambers in the STEP aerosol sample canister
was used to collect aerosol samples for analysis and evaluation. The chamber
contained 14 collection stages, each stage containing several aerosol collection
devices {I). An isokinetic sample of the carrier- and reaction-gas stream was drawn
through each of these two sampling subsystems using constant flow samples adjusted
to 4* of the main stream flow rate. Sample flow rates were measured with rota-
meters. A turbine flowmeter was also installed to measure flow through the f i l t e r
and gas sample bottle array. The sample streams to the f i l ter/gas sample bottle
array and the STEP canister were drawn through nozzles located 0.80 m and 1.35 m,
respectively, above the test apparatus.
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The remainder of the carrier- and reaction-gas stream continued through the main gas

piping, through the main f i l ters (two large cartridge-type f i l ters mounted in

parallel), and past the CO, C02, and H20 monitors before exhausting through the

building venti lation/fi l tratio»: system. The argon carrier gas was heated to 100C

before entering the injector. Main system piping, f i l t e rs , and the sampling sub-

systems were, likewise, maintained at 100C during test operation.

Con*urn Mixture

The fully oxidized condition of a degraded LWR core is simulated in the coriuri-
concrete interaction tests by corium having the following in i t ia l composition:

Constituent

uo2

ZrO2

Cr2°3
MiO

Fe2O3

Composition,
w/o

54.5

14.5

5.7

2.2

23.1

Mass per
Individual "Batch"

g

2452

653

256

99

1040

T. = 4500

Trace amount of La203, BaO, and SrO are also added to simulate the presence of
nonvolatile products whose release during the interaction could contribute to the
accident source term. Depleted, reactor grade UO2 in powder or crushed pellet form
is used; the other constituents are reagent grade powders. For future corium-
concrete interactions tests simulating a LWR core in a partially oxidized condition,
metallic constituents wil l be present in the corium mix.

The corium constituents are blended together before loading into the test
apparatus. A V blender having a 4.5 kg capacity is used to mix the materials; the
weights of one 'batch' are shown above. Each 'batch' is mixed for a total of four
hours. The blending is interrupted every 15 minutes to dislodge any material that
is not blending freely.

Concrete Basemat Preparation

The in i t ia l corium-concrete interaction tests are being performed with
limestone/common sand concrete which is identical to that used in the construction
of the Commonwealth Edison Company's Zion nuclear plant. Ingredients of this



concrete include coarse aggregate, sand, Type I cement, fly ash, an air entraining

admixture, and water. The aggregate and sand were obtained from one of the same

pits that supplied the Redi-Mix companies during Zion plant construction. The size

distribution of the rounded gravel aggregate (2.5 cm top size) is also the same as

that used at Zion. For the intermediate-scale tes ts , only the gravel that will pass

a 3/4-in. sieve, which ranges from 84 to 100% of the t o t a l , is being used.

Concrete for the test basemats, proportioned as follows per 45.4 kg (100 lbs ) ,

aggregate 20.3 kg

sand 14.7 kg

Type I cement 6.4 kg

water 2.8 kg

fly ash 1.2 kg

Airalon 20 air entraining admixture 3.6 ml

was mixed in a cement mixer using the ASTM C 192 mixing procedure. I t was then

placed in plastic-lined forms that were viorated throughout a 4-cm concrete addition

and tamping process until the full 30,,5-cm deptn was reached. One 15-thermocouple

array was located in the center of each form and carefully supported during the

concrete placement. Each form was sealed in plastic and the concreteicured for a

month. On removal from the form, the concrete was aged a minimum of 45'days before

use.

Test Procedures

1. Pretest Preparation. Both the tes t apparatus for gas sparge tests and that for

the coriurn-concrete interaction tests are reuseable. Apparatus preparations differ,

depending on the type of tes t to be performed.

Preparations for a gas sparge tost begin with the test apparatus located in the tes t

cell and all water and power connections intact from the previous tes t . New

tungsten electrodes-Mre installed and new gas sparge tubes located in the base

members of the apparatus. Then the blended coriurn powder is loaded into the tes t

cavity. After each 2.5-cm addition, the powder is tamped to increase i t s density.

This proced're produces a pretest corium powder density of ~ 3.5 g/cm3. Thermo-

couple wells and tantalum starter coils are installed at the proper elevation during

the loading process, which is complete after the addition of about 20 to 25 kg of

corium powder for an intermediate-scale t e s t .



Preparations for a coriurn-concrete interaction test begin with the apparatus

disassembled in an examination area. One insulated backing plate, a water-cooled

copper beat sink, and a tungsten electrode in its holder are placed flat on a work

surface. The concrete basemat is laid on its side atop the electrode and heat sink

assembly. Then the ten "iT-shaped segments are stacked one atop the other using

predrilled guide holes and wood dowels to maintain the proper alignment. Addition

of the other electrode and heat sink assembly completes the buildup of the test

apparatus around the concrete basemat. The apparatus and basemat are then moved

into the test cell and uprighted into position in the center of the enclosure.

Cooling water lines are hooked up and the tungsten electrodes connected to the buss

bars prior to loading the coriurn inventory in the same manner as for a gas sparge

test.

Test preparation continues with a leaktightness check of the water cooling system

and an instrument checkout. Thermowells and the region between the tungsten

electrodes and their heat sinks, areas not easily ventilated, are purged with argon

gas to eliminate air. Then the top cover is installed on the test apparatus. This

cover is integral with a section of the gas system piping that extends upward

through the top section of the apparatus enclosure. The tcp section of the appar-

atus enclosure is then bolted in place to support part of the gas system followed by

assembly and checkout of the gas system. The remainder of the apparatus enclosure

is fastened in place and the enclosure inerted by purging with a trickle flew of

argon. A trial operation of the data acquisition system and functional test of the

gas system are performed prior to test initiation.

2. Mode of Operation. The doors to the test cell are closed and restrictions
imposed on per* nnel movement neer the test cell prior to conducting a test. A test
begins by slowly increasing power input to the test apparatus from the preheat power
supply. As the corium powder is heated by the tantalum coils, the electrical
conductivity of the powder increases and the voltage drop across the test apparatus
decreases. When the powder will conduct a current of 100 amperes at 35 volts or
less, test operation1 is shifted to a power supply capable of providing up to 35 kW
input. The test power is then increased or varied through the planned test sequence
while a sparge gas or carrier gas flow is maintained in the gas system.

During test operations, signals from all the test instrumentation are recorded or
monitored. Data recorded include test power input and temperatures measured in the
corium, the concrete basemat, and throughout the gas system. The flow rates and



temperature increases of test-apparatus cooling water streams are measured and
converted to heat losses out each face of the apparatus. These heat loss data and
other sensor signals are displayed on a monitor for experimenter guidance. Also
recorded are the flow rate and temperature of the sparge or carrier gas. For MCCI
tests, gas samples are taken at intervals during the high-power operation and on-
line gas monitors are observed for changes in the composition of the carrier- and
reaction-gas stream. Pressure drops across individual gas-sample-line f i l t e rs and
the main system f i l ters are monitored. Through a window in the enclosure around the
test apparatus, the apparatus is monitored by a TV camera located within the test
ce l l . I t can be controlled remotely to also view the gas system aid other areas
within the test ce l l .

Apparatus cooling and carrier-gas flow continue following power operation. The
components of the gas sample system are then isolated. An overnight cool down is
allowed for the test materials to reach room temperature before disassembly of tne
test enclosure or apparatus begins,

3. Posttest Evaluation. After a gas sparge test, the corium Inventory in the test
cavity is carefully removed while noting th»; presence and dimensions of any upper
surface eruption, crust, or void and the location of unsintered, sintered, and
molten material. P.emn?nts of thermowells and gas sparge tubes are separated from
the corium prior to grinding the corium for reuse.

A radiation survey is Waken prior to dismantling the gas system following a MCCI
test. Then the gas sample bottle and f i l t e r array is removed. A survey of each
f i l t e r , both those from the multi-sample array and from the main system piping, is
taken as the f i l t e r cartridge is removed from the housing. The f i l te rs are weighed
to determine weight change during the test and contents of the gas sample bottles
analyzed to determine the gas composition.

Samples of the concrete basemat adjacent to the corium-concrete interaction layer
and at a distance where the concrete was unaffected by the test are analyzed for
hydrogen and carbon."" The water content of the concrete is calculated from the
hydrogen data, assuming that al l the hydrogen was present as water.

Elemental composition of the corium is determined by spectrochemical analysis.
Samples of corium are taken from the top and bottom of the melt layer and any
eructation or globules above the top surface.



Test data are processed to determine the time-dependence of the energy input into

the corium and the rate of erosion of the concrete surface in contact with the

corium melt .

Coupons located in the gas system, either exposed to the gas stream in the main

piping or located within the f i l t e r cartridges in the sample t r a i n arrays are

weighed to determine weight change and la ter subjected to examination by scanning

electron microscope (SEM) to characterize the deposits. Morphological character-

i s t i cs of the deposited material are recorded on micrographs generated by the SEM

and elemental constituents of individual deposits determined by energy dispersive

X-ray analysis.

Similar examination and analysis techniques w i l l be used to evaluate the deposits on

coupons taken from the STEP canister in the aerosol co l lect ion and gas sampling sys-

tem. The SEM micrographs w i l l be analyzed to determine the size d is t r ibu t ion and

number concentrations of par t ic les col lected* Through computed col lect ion e f f i c i e n -

cies for the STEP-cani^ter sample col lect ion devices, the size d is t r ibu t ion and

concentration of gas-borne part iculates and aerosols in the main flow can be pre-

dicted (2) .

Only one chamber of a STEP canister has been used to co l lec t samples during a MCCI

test to date. As the sample evaluation and analysis process develops and the f u l l

complement of three chambers in the STEP canister are used during test operation, a

l imi ted temporal resolution of the gas-borne part iculate and aerosols, including the

release and transport of nonvolati le f iss ion products, can be made as a function of

the accident conditions.

EXPERIMENTAL RESULTS

Summary of Developmental Tests

A series of small-scale scoping tests was performed to develop a corium containment

apparatus for large-scale tes ts . These small-scale tests were conducted in a gas-

sparge test apparatus having a test cavity approximately 10 cm square and 10 cm

high. The apparatus consisted of 5 "U"-shaped segments stacked together and insu-

lated from each other by zirconia f e l t . Tungsten electrodes, located in machined

insulators, formed the ends of the apparatus. For the f i r s t t es t , the base, cover,

and four sides of the apparatus were water cooled. The gas system contained a

mockup of a Sierra Cascade impactor.



The i n i t i a l gas sparge tests demonstrated that corium powder could be melted with a

power input of 2 kW; the melt pool was sustained for about an hour. On disassembly,

the region of molten corium was surrounded by a region of unmelted powder which

varied from - 0.5 to 2.5 cm in thickness. The sparge gas injected into the corium

through 25 gas sparge tubes located in the lower members of the apparatus appeared

to flow up through the powder, bypassing the melt region.

For the next test , the water-cooled top cover was replaced by an insulated cover and

the gas sparge tubes blanked off adjacent to the apparatus wal ls . This test oper-

ated at a power of 5 kW, which melted approximately 80% of the corium inventory and

reduced the unsintered powder along the walls to a thickness of 2 to 3 mm. Sparging

of the corium melt was achieved, but l i t t l e material was found on the f i l t e r in the

vent pipe.

The series of small-scale scoping tests was completed witn a test containing

metallic steel and zirconium in the corium mixture. In th is test , the corium

inventory, gas sparge mode of operation, input power, and duration were unchanged

from the previous test . During the posttest examination, i t was found that the

unoxidized metal had melted and separated, moving downward in the mix. Much of the

metal was found in accumulations in contact with the base of the apparatus or as

metal l ies distr ibuted throughout the lower portion of the melt. Sparge gas appeared

to have passed upward through the corium, but again l i t t l e v is ib le material was

found in the f i l t e r or vent pipe. There was l i t t l e attack on the electrodes.

The design of the corium containment apparatus was proven through the small-scale

scoping tests. These tests demonstrated that the insulat ing characterist ics of low-

temperature corium powder provided an effect ive envelope around a corium melt, that

3.2-mm-thick tungsten electrodes could sustain extended test operation without

fa i lu re , and that the electrodes and sides of the apparatus could tolerate the

presence of unoxidized metal.

Sparging Test 1-4

The groundwork for proceeding with corium-concrete interact ion testing was l a id

through a series of intermediate-scale nonsparge and gas sparge tests to demonstrate

extended operation with molten corium in the intermediate-scale apparatus and to

extend the range of temperature measurement in the corium melt. This demonstration/

development testing culminated in gas-sparge test 1-4, which contained a 20 kg



inventory of fu l l y oxidized corium in an apparatus having an insulated top cover

connected to a Sierra impactor mockup in the gas system. Two rows of gas sparge

openings adjacent to the electrodes and the walls of the apparatus were plugged with

dummy tubes to introduce gas only in the central region. Four yttria-washed alumina

thermocouple wells penetrated one wall of the apparatus and located W-5Rt/W-26Re

thermocouples in the melt region.

Sparging test 1-4 operated for 200 minutes duration. Power was increased slowly in

the low-power mode and the transfer to high power made at 83 minutes. In the nigh-

power mode, the i n i t i a l power was set at 10 kW coincident with establishing a 60 i/m

(40 SL/m argon, 20 n/m helium) sparge gas flow rate. The power was then increased by

2 kW every 10 minutes in a step-and-hold manner. After holding at a maximum power

input of 30 kW for 10 minutes, the pow^r was gradually reduced and the test con-

cluded. Al l thermocouples measuring corium temperature survived the low-power

preheat, but fai led early in the high-power operation. The highest temperature

recorded in the corium pr ior to thermocouple fa i lure was 175OC.

Sparging of the gas through the melt was clearly achieved. Molten corium erupted

above the surface of the sintered powder at three locations, as shown in F ig, 4, and

splattered against the lower surface of the insulated top cover. Two of the eructa-

tions bu i l t up unt i l they touched the lower surface of the cover, then molten corium

spread out along the underneath side of the cover and froze in that pos i t ion.

Part iculate material was carried from the test cavity into the gas system piping.

The cross section of materials found in the posttest examination of the 1-4 test

cavity is shown in Fig. 5. The thickness of corium powder enclosing the melt along

the apparatus walls was about one mm. A f l a t melt layer two-cm thick, covered the

bottom of the apparatus. The density of the melted material was 7.2 g/cm , over

twice that of the corium powder. Evidence of sparge gas passing through the melt

was found in the presence of cyl indrical "chimneys" in the frozen melt layer.

MCCI Test 1-5

Erosion of concrete, production of reaction gases, and the transport of aerosols was

demonstrated in test 1-5, which was the f i r s t molten corium-concrete interact ion

test to be performed. The test apparatus contained a 30.5-cm deep concrete basemat

weighing 31 kg. A 21 kg inventory of f u l l y oxidized corium containing eight grams

of La2O3 to simulate nonvolatile f ission products was loaded into the test apparatus

on top of the concrete. Four yttria-washed alumina thermowells containing



Fiqure 4. Corium Surface Following Gas Sparge Test 1-4
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Figure 5. Cross^Section through Test Apparatus Following Gas Sparge Test 1-4.



W-5Re/W-26Re thermocouples extended horizontal ly into the test cavity through one

wall of the test apparatus. A length of 0.64-cm diameter sol id tungsten rod also

extended in to the test cavity to determine the appl icabi l i ty of tungsten as a

thermowell in future tests.

Start-up procedures were unchanged from previous * asts . After a preheat of 95

minutes, a transfer was made to the high ?z».er mode of operation. Power input was

held steady at 10 kW and an argc-: ..arrier gas flowrate of 40 l/m established in the

gas system. A gas sample was collected at 10 kW, then the power was increased in

f ive kW steps -iibout every 15 minutes in a step-and-hold manner. Gas samples were

al«-n collected at 20 kW and 30 kW.

Chromel-alumel thermocouples imbedded in the concrete at the top surface fa i led at

~ 100 minutes into the test at temperatures of 1200 to 1300C. Thermocouples located

further down in the concrete basemat fa i led in sequence la ter in the test as the

melt layer eroded into the concrete. Al l temperature traces exhibited a character-

i s t i c pause at 100C followed by an accelerating temperature increase, then a sharp

ramp upward to thermocouple fa i lure at temperatures of up to 1400C, as shown in

Fig. 6. When the test was terminated at 181 minutes, in-concrete thermocouples had

fai led to a depth of 7.6 cm from the original surfaces, indicat ing a s ign i f icant

penetration of the concrete by the core melt.

c

Collapse of the top crust produced a large opening through the upper surface of the
corium during test 1-5. Prior to the collapse, molten corium erupted through this
surface, leaving an eructation and globules of once molten material. The eructa-
tion, globules of melt, and void are shown in Fig. 7.

The interaction melt layer was 4.6-cm thick and had penetrated ~ 7.6 cm into the

concrete. It had a smooth surface and was fairly uniform in thickness between the

electrodes. The melt layer appeared to be dense, with the only evidence of any

bubbles in the melt immediately beneath the surface. However, the density of this

melt was only 4.1 gAcm , which indicated that concrete constituents were incor-

porated into the melt. At the melt layer/concrete interface, shown in Fig. 8,

molten material was working its way down between the aggregate.

Aggregate partially enclosed by molten material had a brownish, discolored
appearance where the stone was being eroded. A considerable variation in the
elemental composition was found in the results of spectrochemical analysis of corium
at several sample locations, as shown in Table 1.



Figure 6. Response of Thermocouples in the Concrete Basemat during MCCI Test 1-5.
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Figure 7. Corium Surface Following MCCI Test 1-5
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Figure 8. Melt Layer/Concrete Interface Following MCCI Test 1-5



Table 1

MAJOR CONSTITUENTS IN CORIUM AT SEVERAL SAMPLE LOCATIONS

Corium Sample
Location

Eructation

Top of melt layer

Bottom of melt layer

Ca

4.

11.

7.

9

4

1

Elemental
Cr

1.

0.

1.

4

5

2

Fe

13.8

13.1

7.9

Composition,
Mg

1.
4.

2.

7
1

3

N1

1.
1.

0.

5

3

9

%
U

33

16

47

.5

.6

.4

Ir

8,

5,

6

.7

.4

.9

Gas samples collected during the test showed a marked increase in CO2 with increase

in test power as shown in Table 2.

Table 2

COMPOSITION OF GAS SAMPLES

Gas Sample

#1

#3

Power
Level
kW

10

20

30

Ar

98

97

87

.3

.7

.6

Gaseous
CO

0.1

0.1

0.95

Consti

co2

0.5

1.8

11.2

tuent,
H

*

*

0.

%

2

16

H2°

*
*
*

*Below limits of detectability, except in 8th expansion of gas
from sample #3, which contained 0.75% ^ 0 -

Eight coupons, positioned both parallel with and normal to the gas flow, were
exposed to the corium- and reaction-gas stream at two locations in the gas system
piping. Deposits on three coupons were examined using a SEM; associated fenergy-
dispersive X-ray fluorescence provided a qualitative identif ication of elements
present in the deposits. There were stringers of agglomerated particulate material
and some spherical agglomerates found on coupon A-2, which faced downward into the
L..flowing gas at the 1.35-m location, but the bulk of the particulate was in a
spherical form ranging between 0.1 and 1 \m in diameter. The most typical particle
diameter was 0.4 \m. A similarly located coupon, B-2, at the 0.8-m location,
exhibited an even larger amount of agglomerate. No stringers of agglomerated mater-
ial of the type collected in the downward facing A-2 and B-2 coupons were found on
the upward facing coupon B-l, located 0.8 m above the top of the test apparatus.
Coupon B-l collected a distribution of smaller particles ranging up to 1 urn in
diameter plus some large particles ~ 3 pm in diameter. The difference in deposits
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Figure 9. Micrographs of Coupons Exposed in Gas System durinq MCCI Test 1-5



Twelve minutes passed before the corium melt was observed descending In the test

cavity to the elevation of the top thermowell, 3 cm above the concrete. The melt

reached the lower thermowells, which rested on the concrete surface, four minutes

la ter . One of these thermocouples plateaued at a temperature of ~ 2000C.

Pressure drop across the main f i l t e r s rose abruptly from 0.8 i n . H2O to ~ 1.5 i n ,

H20 coincident with the melt reaching the lower test-cavity thermowells and the

concrete surface, then dropped back to 0.85 i n . H20. Over the next 20 minutes, the

main f i l t e r pressure drop rose to and stabi l ized at 1.2 i n . H2O, indicated an

appreciable reaction-gas transport through the gas system.

Response of the Cr-Al thermocouples in the concrete was simi lar to that observed in

MCCI test 1-5. An accelerating temperature increase was followed by a ramp to

fa i lure at 1300 to 1400C. The test continued unt i l impending fa i lure of the

thermocouple located 7.6 cm below the or iginal surface, then power was t r ipped.

Five gas samples were col lected, four during power operation and one during the

posttest cool down. A gas sample was drawn through the STEP canister during much of

the steady power operation. Gas continued to be released from the melt for 15

minutes af ter the cessation of power operation.

Gases produced by the corium-concrete interact ion reached the gas system through a

large, central ly located eructation above the corium surface. The melt layer was

2.5 cm thick and had eroded 7 cm into the concrete. I t was laced with gas-flow

"cel ls" ~ 1.5 cm in diameter and spaced on a 3 to 3.5 cm pi tch across the ent i re

melt surface, as shown in F ig . 10. Most of these "ce l ls" contained mul t ip le ,

smaller-diameter gas passages that were open down to the concrete surface.

About 23%, or 7.3 kg, of the concrete basemat was eroded during MCCI test 1-6. Pre-

and posttest weights of the concrete basemat and the corium indicate that 4.6 kg of

concrete was incorporated into the melt and 2.7 kg carried away as gaseous

decomposition products.

LARGE-SCALE MCCI TESTS

The large-scale corium-concrete tests w i l l u t i l i z e essential ly an areal scale up of

the current tests apparatus to assure one-dimensional transport processes, including

predominant gas flow through the melt. I t w i l l also assure a mechanically unstable

upper crust such that the nonprototypic presence of a crust cannot inter fere with

top surface heat loss and aerosol release.



Figure 10, Top of Melt Layer Following MCCI Test 1-6



The large-scale tests are planned to be performed in an area where many of the

necessary support capabilities are already present. This includes a steel liner on

the floor, an overhead crane, a gas scrubber, and radiation protection measures.

The presence of the scrubber was an important consideration in selection of the

experiment location. This is because the MCCI experiments will release large

quantities of gases such as CO, C02, H2, and these gases will potentially carry

aerosols of radioactive materials. This gas/aerosol mixture, after sampling and

filtering, can be safely disposed of through the existing scrubber. The disposal

pathway includes, in addition to the scrubber itself, a settling chamber, HEPA

filters, and building stack. This equipment has been used previously for reaction

and disposal of potentially contaminated sodium.

Experiment Enclosure

A leaktight room that can be filled with inert gas has been built in the scrubber
area. The MCCI experiments will be performed in an inert atmosphere secondary cell
inside this room (Figure 11). The inerted atmosphere is needed to avoid oxidation
damage to parts of the experiment apparatus during the very high temperature
interactions, and also to avoid burning of hydrogen if it escapes from the
apparatus. The room is of welded sheet metal construction supported on the outside
by an I-beam frame. The existing steel floor is the cell bottom. The inner surface
of the room is painted with gloss enamel to expedite cleanup of aerosol deposits, if
necessary. The room is large enough to contain a 1.5 m cube experimental apparatus,
with sufficient space surrounding the apparatus to enable personnel access for
assembly and disassembly operations. There is sufficient overhead clearance for a
vertical assembly consisting of a gas/aerosol sampling system, steam
condenser/extractor, filters, and discharge line. There is sufficient floor space
inside the room to provide a laydown area for the top cover of the experiment
apparatus. The room has a removable top panel and front panel for equipment
entry. It has feedthroughs for instrumentation, electrical, cooling water, inerting
gas, power and gas discharge lines. Windows in two of the walls allow observation
and photography of the experiment operation. A small overhead hoist can be used to
remove the apparatus top cover and move it to the laydown area. The room will be
tested and sealed to assure a low leak rate.

In addition to the room itself, other provisions have been provided to support
operations. A 600 amp, 440 V electrical panel has been installed adjacent to the
room using existing service in the building. The panel is needed to power the 300
kVA power source for the experiments. A water supply and drain have been installed
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Figure 11. I l lustrat ion of Test Cell and Apparatus to be Used for Large-Scale MCCI Experiments.



to the room. The wat<»~ will be used for cooling requirements of the power supply

and cooling the experiment apparatus. A gas supply system will need to be installed

adjacent to the room. The gas will be used for inerting the apparatus, providing an

inert carrier gas for the MCCI aerosols, and for pneumatic operated valves. A "T"

connection has been made in the existing scrubber inlet duct in order to duct the

MCCI gas/aerosol stream into the scrubber.

Experiment Apparatus

The new room will be used to house the MCCI experiment apparatus and ancillary

systems. The principal part of the apparatus is the interaction vessel. The vessel

will be similar to that presently used for the intermediate-scale MCCI tests except

larger in size (50 x 50 x 75 cm high). Two walls of the vessel will be tungsten

electrodes used to pass high current through the corium mixture. The other two

walls will be of metal, water cooled and insulated from the electrode walls to

prevent a parallel current path. A concrete specimen (50 cm cube) is placed at the

bottom of the vessel and covered by the corium charge. The four walls have cooling

lines on the outside which provice a constant temperature boundary condition. Heat

losses at the walls are determined by measuring the water flow rate and temperature

rise. The vessel will be placed on a layer of refractory bricks inside a secondary

cell filled with inert gas (Figure 12),

Power Supply

Power for the direct electrical heating of the corium powder is provided by a low

voltage (60 V), SGR controlled, 300 kVA transformer.

Coils of tungsten wire, sized to give the same power density as the starting coils
used in the smaller-scale apparatus, will heat channels of corium powder to give an
initial conduction path through the bed. The power supply is ten times larger than
that used in the smaller-scale experiments while the external area of the corium
charge is five times greater so adequate power should be available.

Apparatus Instrumentation

The instrumentation for the large-scale experiments will be very similar to that

used for the smaller-scale tests with only minor differences, such as the model

computer used to control the data logging. The total heat loss from the apparatus

will be monitored instead of that through each wall. Additional instrumentation



EXHAUST
STACK

INSTRUMENT
PORT

CAMERA
VIEW PORT

WATER
COOLED
CUPOLA

MAGNESIA

TANTALUM
LINER /

WATER
COOLING
TUBE

THERMO-
COUPLE
LOCATION

CHILLED
FURNACE
WALL

•XN X V sV XXXXXNXXX

WINDOW

FIRE
BRICK
CATCHER

Figure 12. Illustration of Large-Scale Test Apparatus.



will include an optical pyrometer viewing the top surface of the melt layer and

cameras photographing this surface and, through a window in the exhaust duct, the

aerosols carried in the exhaust stream.

Aerosol/Gas Release Diagnostics

The aerosol and gas sampling system to be used in these tests will duplicate that

for the smaller-scale tests (Figure 3) and in fact may be the same system. Addi-

tional aerosol impactors such as the Lundgren, that collects samples on rotating

drums in five size stages thus providing time histories, may be added if they prove

to be of value in the smaller-scale tests. The final filter section will be

enlarged to accommodate the greater flow in the large scale experiments.

Experimental Materials

Both the corium charge and the concrete basemat will have the same compositions as
used in the smaller-scale experiments, differing only in size. A 50 cm concrete
cube weighing 310 kg and a corium charge of 15 x 50 x 50 cm (molten) weighing 290 kg
will be used.

Experiment Program

Although many parameter variations may be envisioned, the approach is that the
initial series of tests address the key issues involving U.S. reactor designs.
Hence the most common type of concrete would be used, namely, limestone/common sand
as was used at Zion. Later tests would examine basaltic or other types of concrete.
Further, we specify a corium composition and oxidation state based on a code calcu-
lation of a selected accident sequence such as Zion AB (large break LOCA with
electrical power failure to ESF's). A series of tests is proposed examining the
concrete erosion, aerosol release, and fission product release at the various stages
of the interaction. The initial melt composition with metallic constituent as
flowed from the failed reactor vessel plus a small fraction of CaO (from impingement
ablation) would beaoperated at as high a temperature as achievable to obtain data
applicable to the first minutes of MCCI. This test would be repeated with less
metal, greater CaO, and lower temperature to obtain data applicable to a later time
during this interaction stage. A third test is proposed with a fully oxidized
corium melt having a significant fraction of CaO to obtain data at the lower temp-
erature, prolonged stage of interaction. This approach of performing a series of
tests pertaining to the various stages of the MCCI will provide "snapshots" of



information on the pattern of concrete ablation and on the mixing between the corium

oxide phase, corium metal phase, and concrete decomposition products. It will also

allow the measurement systems to be tuned for the widely differing rates of gas and

aerosol release during these stages and will assure excellent temporal resolution in

these measurements. The actual order in which the tests will be run is different

from that described above so that the less severe tests are run first while operat-

ing experience is being gained with the new facility.

To summarize, the first tests are proposed to be as follows:

MCCI-1.0 Scoping test to confirm proper operation of all systems

MCCI-1.1 Low-temperature test (~ 2000K) with fully oxidized corium and large
presence of CaO; corium mixture representative of Zion AB sequence,
limestone/common sand concrete, fission product mocks.

MCCI-1.2 Same as 1.1 except for metal constituent (SSt) in corium and less
CaO.

MCCI-1.3 Initial corium composition representative of Zion AB sequence
including metal constituents (SSt, Zr), small CaO, and fission
product mocks; high-temperature test (25OOK); limestone/common sand
concrete.

Additional tests may be planned for the future involving other corium comopositions
(representative of other accident sequences), possible addition of control rod
material or special fission products to the melt, and utilizing other types of
concrete.

SUMMARY AND CONCLUSIONS

An out-of-pile reactor program to investigate the fission product release from
coriurn-concrete interactions during severe LWR accidents is in progress at Argonne
National Laboratory. The principal objective of this work, sponsored by the
Electric Power Research Institute, is to obtain data pertaining to the aerosol and
fission product release during the early aggressive interaction and long-term ero-
sion stages of th§ MCCI. The program will provide data about physical processes in
the MCCI to support model development and model verification. Information sought
includes the aerosol release rate and a characterization of the aerosols, i . e . ,
size, shape, elemental composition, number density, and chemical species. In addi-
tion, other aspects of the interaction to be examined include the downward heat
transfer and concrete ablation rates, the mixing of corium constituents in the melt
layer, the boil up behavior of the MCCI zone due to the upward passage of gaseous
decomposition products, and the gas release rate.



Real reactor materials are used in this experimental program. The corium contains

depleted U02 and oxides of iron, nickel, chromium, and zirconium in the proper pro-

perties to represent a degraded LWR core. In i t ia l tests simulate the interaction of

ful ly oxidized molten core debris with limestone/cominon sand concrete, as was used

at Zion. Later tests wi l l examine the interaction of various core melt mixtures

with other types of concrete.

Corium is heated to and maintained in the melt state by direct electrical heating.
Water-cooled tungsten electrodes form two walls of the test apparatus; the other
walls and base are water-cooled brass. The water cooling of the apparatus, coupled
with the low thermal conductivity of the cold corium powder adjacent to the appar-
atus walls, provides the insulating envelope necessary to contain molten corium for
extended test durations.

The design of the test apparatus was proven with a series of small-scale (10 cm by
10 cm base dimension) scoping tests and successfully extrapolated for intermediate-
scale (20 cm by 20 cm base dimension) tests. Sparging of gas through the melt in an
intermediate-scale test was clearly achieved.

The focus in the test program is now on the coriurn-concrete interaction. In tests
of one-hour duration, erosion of about 7.6 cm of concrete has been measured.
Coupons exposed to the gas stream have collected deposits that vary in appearance
and composition, depending on location and orientation of the coupon. The bulk of
the particulate was in a spherical form that ranged between 0.1 and 1 |jm in dia-
meter. There was considerable agglomeration of particulate on coupons that faced
toward the flowing gas. A marked increase in CO2 was found in gas samples collected
during MCCI test 1-5. Also, a considerable variation in the elemental composition
of corium was found in samples taken at several locations.

The aerosol collection and gas sampling system has been upgraded with additional gas
sample lines, f i l te rs , and a STEP aerosol sample canister. Deposits on coupons
taken from the STEP canister wil l be analyzed to determine the size distribution and
number concentration of particles collected. Through computed collection eff icien-
cies for the STEP canister sample collection devices, the size distribution and
concentration of gas-borne particulates and aerosols in the main flow can be pre-
dicted.



A scale up in size of the t e s t apparatus i s planned i n preparat ion fo r l a rge-sca le

(50 cm by 50 cm base dimension) MCCI tes ts to assure one-dimensional t ranspor t pro-

cesses and crust co l lapse pro to typ ic of a reactor acc ident . The f a c i l i t y to contain

the la rge-sca le t es t apparatus is being completed. The design of the aerosol c o l -

l e c t i o n and gas sampling system w i l l b u i l d on that c u r r e n t l y ex i s t i ng f o r the

intermediate-scale t e s t s , based on resu l t s from the on-going tes ts and the cont inu-

ing eva luat ion of the STEP data.
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