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Figure 2-18 Scaled reactor cavity and instrument tunnel configuration used for the 
Vandellos test 
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Figure 2-19 Scaled reactor cavity and instrument tunnel configuration used for the Asco 
test 
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Table 2-10 Comparison of Maximum Pressure Increase (psig) 

Location 
Maximum Measured Pressure 

Increase (psig) 
Vandellos Asco 

Reactor Cavity 45.5 450 
Instrument Tunnel 43.4 440 
Seal Table Room 9.2 11.4 
Lower Containment 7.3/7.3 7.2/7.0 
Upper Containment 5.0 5.4 

 

Table 2-11 Post-Test Debris Distribution 

Debris Location 
Vandellos Asco 

Debris Mass 
(kg) 

% of 
Recov. Mass

Debris Mass 
(kg) 

% of 
Recov. Mass

1.  Cavity/instrument tunnel. 2.9 32 5.4 70 
2.  Seal table room. 0.6 7 1.1 14 
3.  Lower containment vessel. 4.7 52 0.3 4 
4.  Upper containment vessel. 0 0 0 0 
5.  Residual in crucible. 0.9 9 0.9 12 
Recovered Mass 9.1  7.7  
Unrecovered Mass 0.9  2.3  
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2.10 Sandia Scaled DCH Experiments for a Surry-Like Containment 
 
Large scale experiments at Sandia to investigate the response of the Surry-like containment to a 
HPME were run in both the 1/40 scale Surtsey facility as well as the 1/6 scale Containment 
Technology Test Facility (CTTF).  Since the Surtsey facility has already been discussed, we will 
focus on the CTTF configuration. 

Figure 2-20 (Reference 31) shows the containment simulation, including the various internal 
structures for the containment, the simulated RPV lower head, the different reactor cavity and 
instrument tunnel configuration (as compared to the Zion-like studies), and the instrumentation in 
the upper regions of the containment.  As indicated by this figure, the simulation of the 
containment subcompartments was extensive.  Table 2-12 lists the initial conditions for the Surry-
like experiments, and as indicated for those experiments in the CTTF facility, the initial thermite 
charge was 158 kg and the charge also included chromium to represent unreacted zircaloy metal 
that could be dispersed with the melt.  Subsequent analyses to these experiments indicated there 
would be little, if any, zirconium present in a melt that would undergo HPME.  Hence, this 17 kg of 
chromium represents a conservatism in the experimental system.  It should also be noted that 
some of these experiments were performed with substantial steam in the containment environment 
(lET-9). 

Figure 2-21 represents the experimental result from test IET-9 and shows that the containment 
pressurization was approximately 2.8 bars.  Figure 2-22 illustrates the result from IET-11, which 
had a combustible atmosphere in containment, and shows an observed pressure increase of 4.3 
bars.  Test IET-12 is represented in Figure 2-23, which was a steam inerted atmosphere in the 
Surtsey facility and illustrates a pressure increase of approximately 2 bars, close to that observed 
for the steam inerted test IET-9.  As is illustrated by the summary of all these experiments, the 
pressure increase is much less than that which would threaten a Surry-like containment.  In 
particular, the extensive structures of the containment provided for substantial limitations on the 
melt dispersion throughout the containment atmosphere.  As a result, the regions of very high 
temperature were limited to those subcompartments immediately downstream from the exit of the 
instrument tunnel. Hence, the pressure increase was limited even with a reactive atmosphere and 
much less then those which would challenge the containment integrity.  
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Figure 2-20 Isometric view of the subcompartment structures and RPV model inside the 
CTTF vessel 
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Table 2-12 Initial Conditions for the IET Experiments 

 IET-9 IET-10 IET-11 IET-12 
Test date 01/29/93 03/19/93 05/02/93 08/12/93 
Thermite composition (kg) 
     iron oxide 
     chromium 
     aluminum 
Mass of the initial thermite charge (kg) 

 
107.52 
17.08 

 33.40  
158.00 

 
22.89 
0.00 

 7.11  
30.00 

Mass of the RPV SS insulation (kg) 0 0 29 0 
Gas pressure at plug failure (MPa) 12.9 12.1 13.2 11.2 
Gas temperature at plug failure (K) 787 713 693 696 
Moles of driving gas (g•moles) 3005 3275 4705 604 
Initial hole diameter (cm) 7.0 7.0 7.0 5.6 
Final hole diameter (cm) 7.4 9.8 7.6 5.6 
Initial annular gap area (m2) 0 0 0.0174 0 
Final annular gap area (m2) 0.012 0 0.0360 0 
Seal table model No Yes Yes Yes 
Water on basement floor (kg) 372 0 703 0 
Initial vessel absolute pressure (MPa) 0.1351 0.1791 0.2209 0.1635 
Initial vessel gas temperature (K) 392 410 399 408 
Initial vessel gas moles (g•moles) 11870 15027 18802 2461 
Initial gas composition 
in the containment 
vessel (mol.%) 

Steam 
N2 
O2 
H2 
CO 
CO2 
Other 

67.24 
24.01 
6.14 
2.20 
0.00 
0.13 
0.28 

48.20 
38.47 
10.17 
1.98 
0.51 
0.21 
0.46 

32.25 
50.98 
13.66 
2.39 
0.00 
0.02 
0.70 

57.98 
28.45 
7.28 
5.66 
0.03 
0.26 
0.34 

Freeboard volume inside subcompartment 
structures (m3) 83.1 79.1 12.8 

Freeboard volume in upper dome (m3) 202.9 202.9 38.2 
Total freeboard volume (m3) 286.0 282.0 51.0 
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Figure 2-21 CTTF vessel pressure versus time in the IET-9 experiment 
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Figure 2-22 CTTF vessel pressure versus time in the IET-11 experiment 
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Figure 2-23 Surtsey vessel pressure versus time in the IET-12 experiment 
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2.11 Sandia Scaled DCH Experiments for a Calvert Cliffs-Like Containment 
 
All the experiments discussed so far were focused on cavity designs with large instrument tunnels 
leading into subcompartments.  Blanchat performed experiments on a Calvert Cliffs-like cavity 
where the main pathway from the cavity to the containment is the annular gap that separates the 
reactor pressure vessel (RPV) from the cavity wall (Reference 32 and 33).  In the initial test series 
an iron-alumina melt was generated by a thermite reaction in the cavity and steam was released 
from the RPV onto the melt.  In Test CE-3 the RPV steam pressure was 8.0 MPa and about 48% of 
the melt was transported to the cavity.  Nevertheless, the measure pressure increase of 0.25 MPa 
was similar to that observed in scaled containments with instrument tunnels, perhaps because most 
of the hydrogen in the containment reacted before the thermite melt was ejected from the cavity.  
In two supplementary tests (Sup 1 and Sup 2) the thermite melt was generated in the RPV and 
ejected by steam at pressures in the range 1.0-1.5 MPa.  The diameter of the RPV breach opening 
in Sup 1.0 was 2.5 times the diameter of the breach in Sup 2.0.  As might be expected in Sup 1.0 
70% of the melt was dispersed into the containment and the containment pressure increase was 
0.38 MPa, compared with the corresponding values of 22% and 0.2 MPa in Sup 2.0.  Again, the 
containment pressure in the Sup 1 test, while high compared to Sup 2.0, was no different than that 
observed during the Sandia 1/10 scale Zion-containment tests (see Figure 2-15). 
 
2.12 Karlsruhe Scaled DCH Experiments for European Reactor-Like Containments 
 
By the year 2000, experimental research on the DCH problem in the USA came to an end.  Work 
on this subject, however, began in Europe (at Karlsruhe) around 2003 and an important paper that 
summarizes this work appeared in the literature in 2009.  DCH experiments were performed by 
Meyer (Reference 34) using test models that were scaled-down versions of European nuclear 
power plants.  The reactor cavity models investigated in the tests were:  EPR (1/18 scale), French 
1300 MWe P 4 (1/16 scale), Russian VVER (1/15 scale) and the German Konvoi (1/19 scale).  In 
addition to the different cavity geometries and pathways to the containment used, the RPV breach 
sizes, RPV initial pressures and containment hydrogen concentrations were varied from test to test. 

The simulant corium was generated by a thermite reaction resulting in an iron/aluminum oxide melt 
mixture.  The facility used in the experiments is shown in Figure 2-24.  The facility is known as the 
DISCO facility.  The primary system was represented by a vertical pipe.  The melt was generated 
at the lower end of the pipe which served as the RPV.  The reactor cavity was constructed of 
concrete which was placed inside a steel vessel.  Eight horizontal steel cylinders served as the hot 
and cold legs and each cylinder was surrounded by an annular space which served as flow paths to 
a model size equipment room.  The reactor cavity was covered, but four or eight openings 
(depending on reactor design) penetrated the cover to represent flow paths from the cavity to the 
containment or refueling room above.  The containment room was a 5.8-m high pressure vessel of 
14 m3 volume. 

The actual arrangement of the compartments depended on the type of reactor plant geometry that 
was tested.  As an example, the model of the Konvoi cavity and adjacent compartments is shown 
in Figure 2-25 where an additional compartment can be seen on top of the cavity which represented 
the refueling room.  The side of this compartment had two small openings that connected to the 
equipment room compartment.  Eight openings in the cavity cover connected the cavity with the 
refueling room.  In this 1/18th linear scaled model experiment the flow areas were:  315 cm2 
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around the RPV, 80 cm2 through the annular paths around the hot legs and 73 cm2 to the refueling 
room.  Presumably there was a wide open area between the refueling room and the containment 
above, since this area was not given in reference 34. 

Qualitatively speaking, the experimental findings at the DISCO facility were no different than those 
reported during the previous DCH experiment in the USA; namely, the final distribution of the corium 
debris is mainly a function of the pathways between the cavity and the containment dome and that 
this distribution determines the pressure rise in containment.  In all the DISCO tests the measured 
pressure rise was in the range observed in the tests for the Zion, Surry and Calvert Cliffs plants, 
namely between 0.09 and 0.35 MPa.  The low end of this pressure range was measured in scaled 
reactor models with no direct pathway from the cavity to the containment dome.  In those reactor 
models where significant fractions of corium reached the containment dome and hydrogen was 
present in flammable concentrations, the pressure rise was about 0.3 MPa with most of this rise due 
to hydrogen combustion. 

From the initial inventory of gases and melt (containing Fe and Al) and the data from periodically 
sampling of the upper containment atmosphere, Meyer estimated the amount of hydrogen burned in 
their DISCO facility tests and in some of the Sandia tests.  The measured containment pressure 
increase versus the estimated amount of hydrogen burned is shown in Figure 2-26.  The 
experimental peak pressure correlates well with the amount of hydrogen burned, indicating the 
important contribution of hydrogen combustion to the containment pressure rise.  Note that the 
data from the Sandia IET tests, which used cavities having large instrument tunnel pathways, lie 
along a line that is above the line of data produced using annular cavity designs (Karlsruhe DISCO 
tests and Sandia Test CE-sup).  Indeed, hydrogen does burn in amounts at least partly dictated by 
containment design.  The solid line in Figure 2-26 is the theoretical maximum pressure rise due to 
hydrogen burning.  This solid line does not include heat transfer (conduction) from the debris to the 
containment gas so that some of the measured values are close to or exceed the theoretical 
pressure increase.  




