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 To safeguard the environment against radiological releases, the majcr
T question of concern in PAHR safety assessment, foliowing an HCDA,
- involves confinement and diiution of the molten core-debris. Signi- l
" ficant to the study is the directional growth of the core-debris in
~ the concrete foundation of the reactor building or the concrete below 7
_ the reactor cavity. Concrete poses an excellent core-debris confine- |
. ment -and dilution medium, since its molten phase is lighter than and
—miscible with the core-debris. Nevertheless, contact between the
_ core-debris and concrete is accompanied by violent interaction and a
- considerable amount of gas release. This is expected to greatly
- affect the molten pool heat transfer and directional melting heat
_ transfer into the bounding concrete surfaces. Accordingly, real

material experiments are being conducted to investigate various
~ phenomena associated with core-debris/concrete interaction.
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The real material experiments were carried out in the test apparatus
-shown in Fig. 1. Casts of CRBRP limestone concrete [2,3] were
_prepared in graphite cylinders, each having an internal diameter of |
.8.9 cm and a depth of 30.5 cm. The 17.8-cm~-deep concrete samples
Twere allowed to cure for at least 28 days. Experiments were T
' conducted within two months of curing time. Embedded in each

concrete sample were six thermocouples, 1.2 cm apart, located along
~—the axis of concrete, with the first thermocouple being ~ .3 ¢m below T
_the initial surface of the concrete. The graphite cylinder contain- |
~ing the concrete was inserted into a graphite block, such that the
-concrete surface and bottom of the block were in a common plane.
_The graphite block and a tungsten rod placed in the center of the

cylinder were connected to a 300-kw a-c power supply. A displacement
- transducer was used to measure the radial expansion of the concrete
__in the plane of the No. 6 thermocouple.
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—The cavity above concrete was packed with 3 kg of pure UQ2 particles

_{1-3 mm). A uranothermic mixture was placed on the top of UO2
powder. The top of the test section was sealed and the system was

~connected to a gas/aerosol sampling device. The test section was

_then entirely insulated to reduce radial heat lTosses as much as

. possible. The test section was isolated in a radioactive cave and

—2al11 the experimental operations thereon were conducted remotely.
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Heating and possible melting of UO2 was achieved resistively after
- the ignition of the thermite. Total experimental time was about 60 -
_minutes, during which time a maximum electrical power input of 1.8 -
watts/gr was applied to the UQ2. Termination of the experiment was
“brought about by the discontinuity in the electrical current path. -
_.An automatic data acquisition system was utilized to record the .
relevant data at regular time intervals.
. Three gas samples were taken at temperatures of 100, 600, and 950°C,
measured in the plane of the #2 thermocouple. Selection of these ‘
7 temperatures were to study the amount and the type of gases released
: from different phases of concrete. _




contained H2, CHy, H20, N2, CO, 02, Ar, and CO2. L1mestone concrete
T contains 43% by wt H20 and COz, which are released at elevated
__temperatures. H2 results from H20 dissociation. CHu and CO result
: from reaction of Hz and COz with very hot graphite. Furthermore,
“reaction of water vapor with graphite, dissociation of CO2, as well
~as reaction of U0z with calcite could contribute to a high volume %
'of CO. N2 and some of the 02 could be the excess air left in the
Tsystem and Ar is the purged gas. Volume % of different gases in each
~sample is dependent on the concrete temperature at the time the
: sample was taken. As expected, rates of water vapor and H: in the
~ first sample is large. The small amount of CO and CO2 is due to
~reaction of H20 vapor with graphite. In the second sample, Hz has
3decreased but CO and CO2z has increased. H2 in the third sampie, for
Tall practical reasons, has approached zero whereas CO has attained
~maximum value. Nevertheless, the type of chemical composition that
' comprises any sample beyond 1200°C resembles the result of sample #3
“until the experiment is terminated. In relation to reactor tech-
—nology, once the initial heating phase of concrete is overcome,
presence of H2 is expected to be minute. However, considerable
“amounts of CO and CO2 can be present in the containment building
-which can safely enter into the atmosphere, in the event the breach
of the containment building is encountered.
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L Figure 1. Schematic Drawing of the Test Appartus. i
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“Table 1 gives the chemical composition, percentage and flow rate of T
s each composition in the sampled gases. As is evident, each sample +
|
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The aerosol sampling device did not show any detectabie radioactive -
__particles. In the process of melting, penetration and gas release,
" the gases did not carry any U0z particles. The detectable aerosol
-particles were mostly C and very minute concrete constituents. -~

"Radial expansion measurements of concrete by the displacement
—transducer is given in Fig. 2 in terms of time, and in Fig. 3 in -




Table 1. Analyzed Sampled Gases and Their Respective Rates
Ho CH Ho0 co co No 0, Ar
% Vol. % Vol. % J%l. % Vol. % Vol. % Vol. % Vol. % Vol.
Samples  (cc/min} {cc/min) (cc/min) (cc/min) (cc/min) {cc/min) (cc/min)  (cc/min)
#1 82. .3 5 3.9 3.1 1.7 .3 8.2
(713.4) (2.61) (4.35) (33.93) (26.97) (14.79) (2.61) (71.34)
#2 26.5 .2 .6 28.1 21.9 7.9 2.0 12.8
(429.3) (3.24) (9.72) (455.22) (354.78) (127.98) (32.1) {207.36)
#3 A < .02 .4 83.2 .7 9.0 2.4 3.9
(20.4) (< 1.02) (20.4) (4243.2) (35.7) (45.9) (122.4) (198.9)
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Lterm; of temperature. Radial expansion of concrete at the #6 thermo-
couple reaches a maxmimum of 0.087 cm about 5 mirutes after the
experiment is terminated. Referring to Fig. 3, it is evident that
this maximum does not occur at the maximum temperature of 700°C. At

*the maximum temperature concrete has gone through slight compression,
i 0.054 cm. Accordingly, expansion of concrete can be attributed

,sole1y to pore pressure established by migrating water. Reversal in

+ the expansion of concrete can be due to remcval of the water from
. concrete and the drying of the concrete which in turn contributes to
T the relief of stresses caused by pore pressure. The failure time and

_ distance of the two consecutive thermocouples is used in calculating
the penetration rate of U02 into concrete. This amounted to about

.23 cm/min, Using radiograph of Fig. 4 and experimental time of 30

—;min similar rate is obtained. Furthermore, the radiograph clearly
indicates the uniform downward heat transfer into concretie and

]’relat1ve1y small heat loss in the radial direction, about 20%.
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7 Figure 3. Concrete Expansion as a Function of Temperature.
+Postqexper1menta1 analysis of the sample indicated more or less
T similar results as were described by Farhadieh and Gunther.! The
4_sol1d mass of UQ2/concrete mixture, that resulted from the penetra-
tion of UG2 into concrete, had a porous, volcanic appearance and was
~kre atively brittle. The top surface of the mass, looking into the
" overlying cavity, contained random holes 3-7 mm in diameter, which
were indicative of gas release sites through the once-molten mixture
- {Fig. 5). It is likely that gas pockets were locally formed between
the molten mass and top surface of the solid concrete which were
" removed by Ray1e1gh Taylor instability mechanism. Similar phenomeno-
+ 1ogy was observed in melting of an immiscible system, but the melt
. film was continuous.

- Electron probe analysis of selected UO2/concrete samples showed more

:or less uniform distribution of U02 and concrete constituents. X-ray
" analysis of similar samples indicated formation of CaU206 and Ca2U207 !
— chemical compounds between UO2 and concrete constituents. ¢
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" Inspection of the post-exparimental concrete samples indicated

~ presence of about 5-mm-thick white powder, mostly Ca0, at the inter-
N face of concrete and U02/concrete solidified mass. The underlying

' concrete mass, though not decomposed, was heavily dehydrated.

- Inspection of the concrete sample two days later revealed that the

_ dehydrated region of concrete, extending about 3 cm below the
. surface, had swollen considerably, with virtually no strength.

iPlans'are to include some typical fission particles in the

i experiments to study the airborne capability of the particles upon

- penetration, gas release, and aerosol formation, and to carry out

_similar experiments with basalt and magnetite type concrete for
comparison with the limestone concrete. It should be mentioned that

—the first test on basalt concrete was successfully carried out.
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i Figure 4. Posttest Radiograph of the Test Section Depicting L
\ U0z Penetration into Concrete.
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- Figure 5. Posttest Photograph Surface of UO,/Concrete '?'
- Mixture Depicting the Gas Release Sites. ~
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DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the
Unitea States Government. Neither the United States Government nor any agency
thereof, nor any of their employees, makes any warranty, express or implied, or
assumes any legal liability or responsibility for the accuracy, completeness, or use-
fuiness of any information, apparatus, product, or process disclosed, or represents
that its use would not infringe privately owned rights. Reference herein to any spe-
cific commercial product, process, or service by trade name, trademark, manufac-
turer, or otherwise does not uecessarily constitute or imply its endorsement, recom-
mendation, or favoring by the United States Government or any agency thereof.
The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof.



