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Item 1: BETA Tests

Response 1

Trese tests are quite similar to the COIL and CC tests(!) sponsored by
the U.S. Nuclear Regulatory Commission (USNRC) at Sandia National Laboratories
(SNL) several years ago. The COIL and CC tests concentrated on sustained steel
interactions with limestone concrete.

The BETA test are being done by the KfK in Germany. Early results of the
BETA tests that have been made pub'ic include a motion picture or video tape
siowing the upper surface of the melt during sustained attack on concrete.
Because an image can be seen without aerosols evident, it is often suggested
that no aerosols were generated during the melt/concrete interaction. A
question frequently posed is why are there no aerosols during this interaction
yet aeroscl production is clearly seen in analogous tests done in the COIL or
CC tests as well as many other tests of core debris/concrete interactions done
for the USNRC. Frequently, the clear implication made in posing the question
is that there must be something "wrong" with the American tests or the methods
currently used to estimate aerosol generation.

The question as posed is not easily answered. First of all, the BETA
tests are of relatively recent origin. Very little data has yet been made
available. Most important of these data would be quantitative evidence of
the aerosol production (or the lack of it) in addition that which can be
gleaned by inspecting a photograph record of the test. Secondly, modeling of
the BETA tests might be possible were some essential data available. Among
the data that are essential are melt temperatures and the composition of the
concrete. Compositions of the concrete are needed in some detail since the
most volatile constituents of concrete (such as sodium oxide and potassium
oxide) are present at quite low levels. The volatile constitution of con-
crete is inadequately expressed by the term siliceous concrete or (and
incorrectly for German concretes) basaltic concrete. Without these data a
quantitative comparison of aerosol generation would be speculation.

On another front, the question addresses the larger issue of mechanisms
involved in ex-vessel source term estimation done with the VANESA model. The
primary mechanisms of aerosol formation considered in this model are:

(1) vaporization of species from the melt into the sparging gas.

(2) mechanical entrainment of melt droplets into the sparging gas.
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Videotape records of the BETA tests suggest both mechanisms should be opera-
tive in these tests. What then might be the estimate of aerosol production
during the tests obtained from the VANESA mode)?

The complication in obtaining an estimate of aerosol production posed by
the current absence of melt composition data, concrete composition data and
melt temperature data have been noted above. Another complication is that
heat input to the melts involved in the BETA tests goes into the metallic
phase. The overlying oxide layer is cooler and is heated by conduction and
convection from the metallic phase. This is exactly opposte to a reactor
accident case and violates an assumption in the VANESA model.

Ignore for the purposes here the complications above. Advice from inves-
tigators associated with the BETA tests is that melt temperatures are low - in
the vicinity of the stainless steel liquidus. Assume here that this tempera-
ture is between 2000 and 1900K. Assume further that the concrete is made of
basaltic aggregate (it is not, but this is an understood concrete). Then the
VANESA model would predict an aeroso) generation rate of 0.009 to 0.003 g/s.
Typically, the aerosol so predicted is composed of:

Component Percentage Component Percentage
FeQ 0.5 w/o Al,04 0.02 w/o
Cr,oa 0.01 w/o Na,0 5.3 w/o
Ni 0.09 w/o K20 93 w/0
Ca0 0.69 w/o Si0, 0.7 w/0

Of course, if any of the assumed inventories of melt constituents are in error,
both the aerosol composition and the aerosol generation rate would be affected.

Quite clearly, as best as can be ascertained from the available data,
VANESA predicts low aerosol generation rates for the BETA tests and Tow rates

are apparently observed. This should add some credence to the validity of
the VANESA procedure.

Item 2: Explain bubbling during core debris interactions with concrete.
Response 2

One of the first, most significant, observations made in USNRC-sponsored
research on core-debris interactions with concrete was that gases bubbled up
through the melt. It had been presumed at the time of the Reactor Safety
Study that gases would pass around the melt because of the ferro-static head
provided by the melt. Because gases bubble up through the melt, they can
vigorously react with the meit. Thus unlike what was assumed in the Reactor
Safety Study, vigorous ex-vessel production of flammable gases such as H, and
CO is a prominant feature of seve ‘e reactor accidents.

The gases produced during core debris attack on concrete are H,0 and CO,
geqerated by pyrolysis of concrete constituents. The release of these gases




affects thermal transport in the concrete and the ability of heat to be trans-
ported from the core dabris to the concrete. Macroscopic data have shown for
instance that heat to the concrete is reduced by a factor of five between
siliceous and limestone concrete as a result of higher gas generation rates in
the case of limestone concrete(?). Further, the gases provide a vastly
increased surface area for the vaporization of medestly volatile species from
the melt. These volatile species, once cooled after escaping the melt, form
aerosols.

Needless to say, details of gas behavior have been of intense interest
for modeling core debris interactions with concrete. In response te this
interest, research programs sponsored by the USNRC have taken several steps to
provide more detailed data:

(1) Melts after solidification have been sectioned to ascertain if
useful information can be derived from trapped structures.

(2) Acoustic studies during melt/concrete interactions have been con-
ducted.

(3) The attack of melts on concrete have been monitored by x-ray and
gamma ray image intensification to show in real time the behavior of
the melt and gas bubbling.

Sectioning of melts has had mixed utility. In some cases bubbles have
indeed been trapped in the frozen melt. These bubbles are ellipsoids with a
long dimension of between 1 and 2 cm. (2). In other cases, no bubbles have
been trapped in the solidified melts(?).

Acoustic studies of melt/concrete interactions were conducted by reflect-
ing a sonic wave off the melt/concrete interface(3,4,%5). These studies yielded
data that was not uniquely interpretable. On the one hand, phase inversions
were observed that were indicative of a continuous interfacial gas film. On
the other hand, intermittent "noise" in the signals was indicative of isolated
bubble formation. (Incidently, the acoustic monitoring technology was given
to KfK.)

The most useful technique for examination of bubble behavior was the x-ray
image intensification(®). Tests monitored by x-ray show isolated bubbles
seemingly formed at preferred locations that may be the result of Taylor
instabilities. Heat fluxes to the concrete are high in these regions of pre-
ferred bubble generations. The bubbles are so-called "wobbly ellipsoids"(7)
with maximum dimensions of 1-2 cm. Inspection of bubble shapes superimposed
over plots of Eotvos, Reynolds, and Morton numbers (see Figure 1) shows that
only modest changes in melt properties can cause bubbles to vary between
wobbly ellipsoids and spherical caps.

Results of the studies of bubble formation during core debris attack on
concrete seem entirely consistent with bubblino during so-called oxygen "blows"
during steel making by the basic oxygen furnace (BOF) method. Ouring BOF steel-
making, pig iron is decarburized by directing an oxygen stream at the melt
surface. Carbon monoxide bubble nucleate in pores of the refractory material
used to confine the melt. These bubbles are typically 1-2 cm in diameter and
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Fig. 1 Shape regimes for bubbles and drops in unhindered gravitational motion
through 1iquids.



have usually been characterized as spherical caps. During the "blow," several
tons of a 100-200 ton mass are laost. The lost mass is carbon and volatile
constituents of the melt such as Mn and Fe. The broad data base on oxygen
“blows" was used extensively in the development of the VANESA model.

Item 3: Explain layering in light of bubbling.

Response 3

Another, early, important observation of the experimental studies of core
debris interac .fons with concrete sponsored at SNL by the USNRC was that melts
stratified according to density into oxide and metal phases. The hypothesis
used ‘n developing the Reactor Safety Study model was that the melt was
thoroughly homogenized (the so-called "homogeneously heterogeneous" approxima-~
tion.) Stratification was repeatedly observed in a variety of tests and is,
again, consistent with the experience in the steel industry. Stratification
is not perfect. An interfacial regime has been found after sectioning some
melts(?) that suggests some intermingling of phases near the interface. This
zone is typically no more than 2-3 centimeters deep.

Many scier upon viewing films of melt/concrete interactions and
the violent melt Aation by sparging gases, are not persuaded of stratifica-
tion. Fortunately the stratification has also been clearly visible in tests
monitored by image intensification. There seems no doubt then that stratifi-
cation of the melt into layers is not undone by the effects of gas generation.

Another source of confusion concerning stratification has been created by
the recent BETA tests of stool/concrtt, interactions. These tests use a long,
narrow concrete crucible. I. Catton‘®’ seems to have been the first to note
that frozen material composed of both oxidic and metallic phases may be a
unique feature of the extreme aspect ratio of the crucible. He suggests that
gases generated at the walls and the base of the crucible cause the melt to
“chug". Material from the mixed zone between the oxide and the metal layers
freezes on the cooler concrete walls during chugging. The frozen material does
not couple effectively with the inductive heat source because the metal phase
is a distributed particulate. Consequently, as the test progresses, more and
more material freezes on the walls. Post-test, it can appear that there was
rather vigorous mixing of the melt and oxide. Professor Catton's suggestion
would explain why declining power inputs are consistently observed over the
course of the BETA tests.

wall effects and the like have been observed in NRC-sponsored tests even
at aspect ratios (height-to-diameter) of one. For this reason the NRC-sponsored
research has gravitated tuward the use of concrete crucibles in which only the
base is concrete and the walls are an inert refractory material.

Stratification of the melt has been observed mostly in tests which used a
simulant as the oxide phase. The New Small Scale (NSS) tests done at SNL, which
involved prototypic corium melts, also demonstrated stratification. In these
tests, three layers were observed. At the bottom of the crucible was a dense
oxide layer composed primarily of U0, and Zr0,. At the top of the crucible was
a light oxide layer composed primarily of molten concrete. Between the two
oxide layers was a stainless steel layer.



It is upon the basis of observations from the x=ray monitored tests and
the results of the NSS tests that the layer structure was devised for CORCON.
The model allows distinct layers with or without a mixed interfacial region.
The interfacial region, at the option of the user can be extended to include
the entire melt volume so that, in effect, one has a well-mixed melt. Options
for interfacial mixing are seldom invoked simply because there are insufficient
data to defend a description of the interfacial zone.

The relative orientation of layers is continuously interrogated in the
course of CORCON calculations. Calculations are usually initiated with the
fuel oxide phase more dense than the metal. As concrete ablates, condensed
products of concrete decomposition are incorporated into the oxidic melt reduc~-
ing its density. Eventually, the oxide layer becomes less dense than the metal
layer and the two layers reverse positions (layer flip). This is modeled as
an instantaneous position exchange. Obviously this is not correct. Rather
than a sudden "f1ip" there will be a period during which the oxide and metal
phases have very similar densities. During this transient period agitation
by gas bubbles would be sufficient to cause the melts to mix and be a "homo-
geneously heterogeneous" mixture. As concrete ablation continues the oxide

phase becomes even less dense. Test data show that stable stratification
would be re-established.

Two issues of current concern to those developing models of core debris/
concrete interactions are:

(1) 1is the oxide phase of a core melt initially more dense than the
metal phase?

(2) how extensive is metal entrainment into the oxide phase as a resuit
of gas bubbling?

Modeling in CORCON and most conventional density analyses suggest indeed
that the oxide phase of a core melt is more dense than the metal phase
initially. Recent analyses of condensed phase equilibria suggest that this
may not always be true. The analyses also show that the procedure used in the
WECHSL cude to enforce the metal to be more dense than the oxide may be in
error in some cases. This 1s an area of ongoing research.

Laboratory research with simulants has suggested that gas bubbling will
cause significant entrainmert of metallic melt into an overlying oxidic melt
phase. This entrainment vastly increases the heat transfer between the oxide
and metal phase. One of the important differences between CORCON mod 2 and
earlier versions of CORCON {s a heat transfer coefficient for interfacing melt
layers that recognizes the enhancement caused by entraining.

Entrainment has recently been critized.(®) The arguments opposing entrain-
ment are that while it is observed with simulants, it will not occur with proto-
typic melts. Empirical evidence suggests that when entrainment is included,
predicted melt temperatures are too low. Both the empirical evidence and the
entrainment arguments have been criticized. Again, this must be considered
an area of ongoing research.




Item 4: The TURC Tests.

Response 4

It is recognized that the descriptions of ex-vessel core debris inter=
actions have been based on experimental data derived from steel melts.
Steel constitutes but a portion of the core melt. Perhaps the more important
portion of a core melt is the oxidic phase. In response to this concern SNL
has developed the technology to prepare large-scale (>200 kg) melts of U0,-Zr0,
or more complex mixtures of U0, - Zr0, - Zr. Those experiments, called the
TURC tests, have been the first tests to utilize this techn. gy to investigate
core debris interactions with concrete.

A series of 4 TURC tests were run. The objective of the tests was to
determine if there were significant differences between the behavior of
metallic melts and the behavior of oxidic melts during attack on concrete.

The test series was then formulated to begin with two metallic melt/concrete
interaction tests. Metallic melts were prepared by metallothermic and by
furnace methods. These two tests, TURC 1T and TURC 1SS, constituted a touch-
stone to the vast array of metal melt/concrete interaction studies. The third
test, TURC 2, used a melt of UD, - 25w/0 Zr0,. The last test in the TURC
series, TURC 3, used a melt of U0, - 25w/0 Zr0, - 10w/o Zr. Test TURC 2 and
TURC 3 are the only large-scale urania melt/concrete interaction tests.

The TURC tests have only recently been completed and both reduction and
analysis of the data from the tests are still underway. Some preliminary con-
clusions are:

(1) There are substantive differences in the behavior of ovidic melts
and metallic melts during attack on concrete.

(2) The gas-film model used in CORCON and WECHSL to model heat transfer
from the core debris to concrete cannot be universally correct.

(3) Interfacial crusting is insignificant for metals attacking concrete
but is of dominant influence for oxidic melts attacking concrete.

(4) Relief of interfacial crusting by incorporation of ablated concrete
is simulated too rapidly by CORCON mod 2.

(5) A1l CORCON mods predicted well the test behavior in TURC 1T which
used a Thermitically generated melt. The CORCON mods underpredicted
concrete erosion in the test with a furnace-prepared stainless steel
melt and overpredicted erosion with an oxidic melt.

Melts used in the TURC tests were doped with elements that would be radiocactive
in a real reactor accident. The tests were extensively instrumented for aerosol
production. Again, only limited results of the aerosol measurement are avail=-
able at this time. Among these early results are:

(1) Geometrical data on the evolved aerosol are consistent with VANESA
predictions.



(2) Tellurium release was extensive in all tests as would be predicted
with the VANESA model

(3) Molybdenum release was extensive and this would not be predicted by
VANESA.

Enough aerosol size data have been collected that the developers of the
VANESA model are confident of the model's size predictions. The TURC tests
seem to enforce this confidence.

Aerosols evolved during the TURC tests contained substantial amounts of
molybdenum. Extensve Mo release was also observed in the smaller NSS tests
that used corium melts. Unfortunately, the VANESA mode! predicts negligible
Mo releases. As yet there is only speculation over the causes of the erroneous
predictions.

The TURC tests provide valuable data that will greatly assist in the
refinement of the models of ex-vesse] core debris interactions. The TURC tests
presage a second test series, the SURC tests. In the SURC tests, currently
planned to be a series of 6 tests, uranium dioxide melts will be sustained
while in contact with concrete. The SURC test will begin in the spring of 1985
and continue through Oztober.

Item 5: The SWISS (Sustained Water Interaction with Stainiess Steel) Tests.

Response 5

Many hypothesized severe reactor accidents involve not core debris/concrete
interactions but combined core debric ‘concrete/coolant interactions. The SWISS
tests were done at SNL to examine the effects of coolant on core debris/concrete
attack. The tests are somewhat similar to though smaller than the BETA tests
and the COIL tests. A 45 kg metallic melt is prepared to a known temperature.
It is then deposited into a concrete crucible and sustained with induction
heating. After a period of 1-20 minutes water flows over the melt at a rate
of 11 gallons/minute. Two SWISS tests were done in September. A third will
be done this winter.

Primary results obtained from the SWISS tests are:

(1) Addition of water did not alter attack on the concrete by the molten
steel.

(2) Addition of water inhibited but did not halt aerosol production,

The first of these results casts doubts on scenarios in some probabilistic
risk assessments in which it is assumed that injected water will ipso facto
quench, fragment and halt attack on concrets. To date, authors of these prob-
abilistic studies have chosen to cling to their hypotheses which are unsupported
by data and to ignore results of the SWISS test calling them "too small",

The second of the SWISS test results confirms a prediction by VANESA that
overlying water pools mitigate ex-vessel release. The confirmation, is however,
only qualitative. The SWISS tests suggest that the VANESA model may underpre-
dict the extent of mitigation by as much as a factor of 10. The SWISS results



also show that models of ex-vessel release based on surface temperatures such
as that developed by IDCOR cannot be correct because the release was observed
even after surfaces were cooled to water saturation temperatures.

Techniques developed in the SWISS test series will be applied to the SURC
tests described above. In some of the SURC tests water addition during melt/
concrete interaction will be examined.

Item 6: Measurements of Lanthanum Oxide Vapor Pressure

Response 6

Lanthanum oxide is assumed to vaporize into the gaseous species La(g),
La0(g), LaOH(g) and La(OH),(g). Thermochemical data used in the VANESA calcu=-
lations were all taken from secondary sources. Data for La(g) were from the
compendium:

Hultgren, Orr, Anderson and Kelly, Selected Values of Thermodynamic

Properties of Metals and Alloys, J. Wiley and Sons

Data for the other lanthanum species were from the compendium:

D. D. Jackson,
UCRL-51137 Lawrence Livermore Laboratory
Livermore, CA., 1971

Recently, an improved collection of data for monoxide vapor species has appeared:

J. B. Pedlegand and E. M. Marshall, "Thermochemical Data for Gaseous

Monoxides," J. Phys. Chem. Ref. Data, 12 (1983) 967.

The VANESA mode]l has not yet been revised to include these more recent recom=-
mendations.

Primary data sources abound for the species LaU(g). Free-energy functions
for gaseous species are nearly always derived from spectroscopic data. Some
sources are as old as 1928 and as recent as 1974. Dissociation energies and
the like are nearly always taken from Knudsen effusion and mass spectroscopic
work. The most recent review of data for La0(g) recommends the primary source:

R. J. Ackermann and E. G. Rank, J. Chem. Thermodynamics, 3 (1971) 445,

Item 7: Describe how Pu is represented in VANESA.

Response 7

Plutonium is not explicitly treated in VANESA. Rather, the vaporization
is assumed to be adequately represented by the vaporization of Ce0,. Cerium
dioxide is assumed to have vaporized into the gaseous species Ce(g), CeO(g),
Ce OH(g) and Ce(OH),(g). Both cerium and plutonium form a vapor phase dioxide
which is, 1ike many other gaseous species, neglacted in the VANESA model.
Results obtained with VANESA are then lower bounds on the true vaporization
since some gaseous species are neglected.
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The importance of Pul,(g) can be quantified. A plot of the contribution
of Pul,(g) to the metal-bearing gas Pu(g), Pul(g), and Pul,(g) is shown in the
enclosed figure. Pul,(g) is quite important when the PH /PH 5 ratio is low

2 M2

(or equivalently the oxygen potential is high). However, when this ratio is
Tow, s0 too is the absolute pressure of plutonium-bearing gas. Pu0,(g) makes
Tittle contribution to the vapor for high ratios of PH to P 0 This ratio

2
is, of course, quite higher when Zr is present in the melt. That is, when Ir
is present, the release of the refractory species is important.

Both PUO, and Ce0, can be nonstrichsometric. That is, they can have
actual compositions Pul,_ _ and CeO,__ where x is a function of the oxygen
potential. This non-striéhsoaotry form is neglected in VANESA. The neglect

of nonstrichsometry does not appreciably affect the vapor pressures as shown
in the enclosed figure.

Item 8: Discuss the relative volatility o

Response 8

Vaporization processes involving constituents of the melt may be described
by reactions such as:

f La;0, and U0,

Uranium
U0, +  Hy =+ UO(G) + Ha0
U0, + 2H, + U(g) + 2H,0
UOz + Ha0 = UO4(g) + Hy

UOz + 2H;0 =+ UO,(OH); (g) + Hy
U0, + Hy + U(OH), (g)
UO, + 3/2H; = UOH(G) + Ha0
UBz(c) =+ U0, (g)
Lanthanum

L.gOa v Hz - 2 LCO(Q) + H,O
L.zO: + 3“3 - 2 L.(O) + 3"30

+

LI,Oa + “3 Ll,O,(g) - H,O

Ll2°3 * H,O + H, » 2 La (OH)z(g)

-

L.zO: + 2“2 2 LaOH’g) + H,0

The vaporization of the urania and the lanthanides is proportional to the sum
of the equilibrium partial pressures of the vapor species. The thermochemical
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definition of the equilibrium partial pressure of a species can be written in
the general case as:

- acl?) -
8Goyn (TI/RT = a 2n PH2 +b 2n PH,O 2n ay, + u 2n P,
(1)
where Acux“ (T) = standard state free-energy change associated with the
ith reaction going to the right as written above at
temperature T

P"’ = equilibrium hydrogen partial pressure.
’H,O = equilibrium partial pressure of H,0.

P1 = equilibrium partial pressure of the ith vapor species.
R = gas constant.

a, b = coefficients dependent on the reaction stoichiometry and
may be greater than, less than or equal to zero.

u = coefficient dependent on the stoichiometry of the reaction
and for reactions written as above is greater than zero.

W = activity of the parent oxide (U0, or Lay03) in the melt.
For instance, for the reaction
Lag0,y + Hy = 2 La0(g) + H,O

- [2aG(La0(g) + 8G,(Ha0) - AG, (Lay03)/RT = =aGp,\/RT

= «9n P"’ + 2n P"zo - in 'La,oa + 2 2&n PLaO

The activity of the parent species in the melt is by definition Just the mole
fraction multiplied by an activity coefficient. An approximation that increases
in accuracy with increasing temperature is to assume the activity coefficient

is one (ideal solution approximation). Then,

N
Vaporization rate « 151 P1 ® Ay, * XHD
where x"o is the mole fraction of the parent, condensed species and the symbol

« denotes "proportional to." Thus, for two species, I and J with identical
chemistry, the ratio of their vaporizaticn rates would be:

10
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where VR(K) is the vaporization rate of the Ksﬂ melt constituent.

Comparing the relative concentrations of La,0; and U0, in the SURRY
TMLB' melt and assuming La,05 and UD, have identical chemistry would suggest
the following:

VR(La203) 2
Wy W

But, La,0; and U0, do not have identical chemistries. Inspection of possible
vaporization reactions of La,0; show these reactions are promoted by reducing
conditions. That is, trivalent lanthanum in the melt vaporizes to form divalent
lanthanum in the gas. Vaporization of lanthanum can also yield monovalent and
atomic species. Vaporization of urania on the other hand can be promoted by
both oxidizing and reducing conditions. Under reducing conditions tetravalent
urania will vaporize to form divalent, monovalent and atomic species. Under
oxidizing (in this case steam-rich) conditions, tetravalent urania can vaporize
to form hexavalent species such as UO5(g) and UO,(0H),(g).

Whether conditions are oxidizing or reducing depends of course on the
species in question. For both Lay0, and UO,, conditions produced when H,0 and
C0, from the concrete sparge through a melt of Zr and stainless steel are
reducing. The steam and carbon cdioxide are reduced extensively to hydrogen,
carbon monoxide and even carbon. Thus, early in the SURRY TMLB' accident when
there is some Zr present in the metallic core debris, vaporization of both
lanthanides and urania should be efficient. The concentration effect described
above suggests as a rough approximation that lanthanides and urania ought to
vaporize in a ratio of about 1:1000.

Eventually, during the course of the ex-vessel phase of the accident, all
the zirconium in the metallic portion of the core debris is converted to Zr0,
by reaction of the gases from concrete. Once the zirconium has been consumed
and any carbon in the melt has been consumed the gases from the concrete react
with the mixture of Fe, Cr and Ni to form H, and CO. Reaction with the Fe,
Cr, and Ni mixture is not nearly as complet: as reaction of gases with a
zirconium=bearing melt. Thus, relative to urania and lanthanum oxide, condi-
tions in the melt are mildly oxidizing despite the fact the ratio of hydrogen
and steam partial pressures is on the order of 3-5. Under these conditions
lanthanum oxide vaporization is inhibited both in the absolute sense and rela-
tive to urania. The precise quantification of vaporization and its dependence
on prevailing conditions is, of course, what is done in the VANESA model.

The preceeding discussion was, of course, directed toward the lanthanum/
urania relative vaporization. Analogous arguments can be formulated for
cerium oxide vaporization and alkaline earth vaporization. The discussion of
ruthenium and molybdenum vaporization take on a somewhat different tone since
these elements vaporize from the metal phase.

1



Item 9: Contrast Releases of Lanthanum and Uranium for Accidents at Surry and
Peach Bottom

Response 9

A1l plants and all accidents are different so to respond effectively one
needs to focus on specific accidents. Here concentrate on the Surry TMLE' and
the Peach Bottom AE acridents. The essential point of creating the VANESA
model is that a comput.'.ional tool is needed that is responsive to the unique
features of both the piants and the accidents. The two accidents listed above
will illustrate the sensitivity of VANESA to both accident and plant condi-
tions. The two accidents have almost nothing in common. In Table 2 are
Tisted some of the differences between the two accidents. Parameters that
make a difference for release are:

(1) Concentration of volatiles in melt.
(2) Melt temperature.

(3) Gas flow rates.

(4) Oxygen potential of the melt.

Consider just the concrete in the two reactors. Surry has a siliceous concrete
with a low ablation temperature and a low heat of ablation. Peach Bottom has
a limestone concrete which ablates at quite a high temperature; great amounts
of heat must be expended to decompose carbonates in the concrete and raise the
condensed products of decomposition to the ablation temperature. Consequently,
for a given amount of heat imparted to Surry concrete, more decomposition pro-
ducts are incorporated into the melt and less gas is liberated than in the
Peach Bottom concrete. Dilution of the melt with ablated concrete reduces the
volatile fission product concentration and consequently the volatility of the
fission products; it also cools the melt and makes it more difficult to raise
the melt temperature.

From the very start of core debris concrete interactions, the core debris
covers more surface area of the Surry reactor cavity than the Peach Bottom reac-
tor cavity. Since upward heat losses are proportional to surface area, the
Surry melt will try to cool more rapidly at a given temperature than will the
melt at Peach Bottom.

There is far more Zr initially present in the melt at Peach Bottom than
in the melt at Surry. Combustion of Zr in the core melt by reaction with H,0
and CO, from the concrete provides a heat source that adds to the heating of
core debris beyond what is available from radiocactive decay heating. 1Zr also
assures that gases passing through the melt will be reducing; this condition
favors the vaporization of oxides often considered refractory such as CeQ,,
La,03 and SrQ. It would then be expected that releases should be greater for
Peach Bottom than for Surry.

A somewhat subtle point arises in connection with Zr reactions with C0,.
Reduction of CO, by Zr can go completely to carbon:

12



(Zrlpere * 02 = 200, + [C1 .,

where the symbol [ ] N indicates that the bracketed species is dissolved in
the metallic melt. oﬁtl the Zr inventory is depleted carbon is the most reduc-
ing species in the metallic melt. Consequently reactions such as these become
possible:

[c) + Ha0 » CO + Hy

melt [c]lolt + €0 » 2¢O

wWhen one mole of gas enters the melt, two moles of gas emerge during reaction
with dissolved carbon. This means that for a period in the interaction of a
Zirconium rich melt with limestone concrete, there will be intense gas evolu-
tion. Not only does the gas carry heat from Lye melt, but also the chemical
reaction responsible for the additional gas generation is endothermic. There
are then powerful cooling mechanisms operative for core debris/concrete inter-
actions in the Peach Bottom accident. Because the initial Zr inventory is
smaller and the CO, content of the concrete is less at the surry reactor,
these mechanisms are much weaker at Surry than at Peach Bottom. It is then
not surprising that releases for the two accidents are different as follows:

Integral Releases After 10 hours of
Core Debris Concrete Interactions

Species Sur Peach Bottom
2pecies —rry

uo, 6.5 x 10-3% 1.3 x 10-2%
ngOg 5 x 10-4% 1.8%

Cel, 0.1% 2.9%

SrQ 12 % 67%

Ba0 9.7 % 48%

Table 2 Some Difference Between the Surry TMLB' and
The Peach Bottom AE Accidents

Parameter Surry Peach Bottom
Initial melt temp (K) 1807 2125
U0, mass (Xg) 79630 159391
Initial Zr mass (Kg) 6690 41070
Initial Zr0, mass (Kg) 13210 32990
Initial floor area (m?) 57.55 32.17
Concrete type basaltic lTimestone
€O, in concrete (w/o) 1.5+ 1.0 35.7 + 1.0
H,0 in concrete (w/o0) 5.0 + 0.5 4.1 + 0.5
Time after scram 157.3 126.26
that melt/concrete
attack begins (min)




As might be expected, the releases are greater for Peach Bottom because the
melt was hotter for a longer time, the gas composition was strongly reducing
for a longer period and gas generatian was more intense.

Item 10: Describe the WITCH-GHOST test.

Response 10

The WITCH-GHOST tests at SNL are for VANESA validation and are separate-
effects tests to address several issues that arise in formulating a model such
as VANESA:

(1) Characterize aerosol particles formed per bubble burst and the size
distribution of particles formed by bubble bursting at the surface
of a melt.

(2) Determine if chemical effects drastically alter activity coefficients
of melt species and consequently their volatility.

Mechanical aerosol formation is considered to be an impurtant mechanism in the
VANESA mode! The modeling is based, howeer, on data for single bubbles pass-
ing through water. A legitimate question is whether or not such a model is
applicable to bubbles passing through high temperature melts.

A first, exploratory test of mechanical aerosol generation has been done
to develop test techniques (development of a bubbler for high temperature
melts and a bubble counter). Qualitative indications are that particle sizes
predicted by VANESA are quite good and particle numbers are not radically in
error.

A second phase of the WITCH-GHOST procedure will examine the activity
assumption for selected species. With the exception of a few species, melts
are described in VANESA as ideal mixtures. At high temperatures this assump-
tion may be adequate. But at temperatures less than about 2200°K one has to
be concerned about non-idealities and the actual activity coefficients of melt
constituents. Initially attention will focus on Na, I, Ba, and Sr in oxidic
melts and Mo, Ag and Te in metallic melts.

The WITCH-GHOST tests are to be relatively smali-scale, well-controlled
tests. They cannot however be too small since wall effects on gas bubbles is
a well-known phenomena that has plagued more than one study.

Currently it is anticipated that the WITCH-GHOST tests will use furnace-
prepared and sustained melts of about 45 Kg mass. The melts will be sparged
with gases at controlled rates with bubbles of known size, shape, and frequency.
Bubble properties, melt surface tension and melt viscosity will be the primary
variables in studies of mechanical aerosol formation. Melt composition, gas
composition and temperature will be the primary variables in studies of melt
constituent activities.

The WITCH-GHOST test will likely begin late in January 1985.
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Selection of Plants and Accident Sequences

The objective of the BMI-2104 study at Battelle Columbus was to develop the
methodology for improved, best-estimate source term calculations, and to
demonstrate that methodology for a spectrum of severe accident conditions.
The methodology is to employ improved models for the release of fission
products from fuel, transport and deposition in the primary system, atten-
uation by engineered safety systems, and transport and retention in the
containment and/or other structures., It was apparent at the time of the
invitation of this task, that the methodology was sufficiently detailed to
require selection of specific plants and accident sequences for the sample
calculations to be performed. The plants selected for these calculations,
therefore, were chosen on the basis of: (1) ready availability of the design
details required for the analysis, (2) specific plant design features (e.q.,
suppression pools, ice condenser), and (3) availability of other studies to
facilitate comparisons. With these criteria, the following plants were
selected: (1) Surry, a PNR with a subatmospheric containment, being the

PWR plant analyzed in the RSS, (2) Peach Bottom, a BWR with a MARK 1| type
pressure suppression containment also analyzed in the RSS, (3) Sequoyah,

a PWR with an ice condenser type containment, (4) Grard Gulf, a BWR with a
distinct new (MARK II1) containment design, and (5) Zion, a PWR with a very
large high strength containment typical of many newer PWRs analyzed by the
IDCOR Study. (The original scope of the BMI-2104 study did not include a
MARK Il pressure suppression containment, as {t was thought that the physio=
chemical environment for this design would be comparable to the MARK !
containment.)

Similar to the selection of specific plants, discussed above, the accident
sequences to be analyzed with the new methodology were selected to provide
4 wide spectrum of phvsio-chemical conditions, in order to demonstrate the
applicability of the newly developed models for the full spectrum of accidents.




For this reason, accident sequences were selected from general groups such as:
large LOCAs, small LOCAs, transients, sequences expected to minimize and
maximize the effects of engineered safety features, accidents Tikely to result
in early or late containment failure, and, for each plant, a sequence which
(on the basis of RSS insights) is likely to be a significant contributor to
the accident risk,

For the SURRY plant, for example, the AB sequence (a large LOCA with loss of

all AC power) was selected as a sequence resulting in the most rapid depressuri-
zation, core heat-up, and containment pressurization. In addition, specific
parameters in the analysis were selected to maximize the challenge to the
containment by rapid hydrogen burning., If the new methodology for the analysis
of fission product behavior can be demonstrated for this sequence, therefore,
there is a reasonable expectation that the methodology is viable for predictions
of similar fast, early cortainment failure sequences. It should be noted

that the significance of this accident sequence lies entirely in its challenge
to the methodology, as it is generally agreed that its risk significance is
negligible, owing to its vanishingly small probability,

In contrast, the small LOCA sequence s~lected for analysis (520) is well over

& thousand times more likely to occur. As a result of the operation of contain-
ment sprays, however, this sequence is not likely to result either in containment
fatlure, or large source terms. The operation of the containment spray system,
however, present a unigue challenge to the ability of the new models to predict
the behavior of aerosols in the containment.

An entirely different pathway for potential fission product transport to the
environment exists for the V sequence, in which a rupture in a pipe carrying
primary coolant outside the containment is postulated. This scenario, therefore,
involves the bypass of the containment, with the fission products released to

the auxiliary building, and was included for this reason. As this sequence

was thought to be independent of containment desfgn, ft was analyzed for one
plant (1.e., SURRY) only,



The TMLB sequerce (i.e., a transient with loss of AC power, similar to a
“station blackout" scenario) was included in the SURRY set of sequences
because it was believed to be the major contributor to accident risk at

SURRY,

Similar reasoning led to the selection of the sequences for the other p'ants,
with the additional intention of limiting the total number of analyses to
manageable proportions. The resulting 1ist of plants and accidents is shown
in the attached table.



Table 4.1
Accident Sequences and Plants Analyzed Using Current Methodology

Description BMI-2104
Type b.u!-nt Design Volume Accident Sequences Analyzed
PR

Large, Dry ) I and Vv AB
Subatmesphernc (Recalculations) TMLB'

spef puy wue) #dunog
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Condenser Design”, '
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way LC® Izndenser Joors, INBluBing time reauires ‘or these cocrs
e clcse. HECTR (s czagacle ao¥ MOCWliNG series as wall as
Raralilel “low patrs among Campariments: <or the ics condenser
SSntainment this  included SENsiceration of the ‘low  ‘rom  the
lower 2 the uper SOmpArment tNnAt Dypassed the ice bSed. e
‘SR concenser comgarthnent . s ®iSlicitly mogmies .m whne HESTR
calculaticons, INGIUEING 4  steam condensation nocel that s a
function 24 the ‘low through the Lee dDed.

in the HECTR analvees the ice Songenser containment was mocgeled
8y ALAe LAterzonnected velunes. Shese .ncluded: ne seac spaces
‘0 She lower zzmgarimenr, itne main ares of tNe (ower zampartment,
he  lower zlenum o¢ tMe Lze concenser. ‘our volumes .n the ize
2eC, INe uooer olenum o¢ the iz@ SSncenser, ang ne soerating
‘loor anc come velume. T™is zomparcmentalizasion ia illustrates
N Figure 2. Bvpass 24 the ice SINAeNse” TNroOUEn the ‘lger grain
FOTUFR  LiNEeS wae TONNLIereS, a8 was tNe ‘imite time ~escuires t2
S.290 TNe LIe Znaenser are wav zoori.

i1 was  METeT SreviouslY TMet the NYESFI9en LENLtion  and  ‘lame



Propagation criteria in HECTR ang tNe BURN sucroutine in ™MARCH
have a zommon SFigin and are very similar. 3nce Nyaragen Surning
LS initiated, the HESTR moceling incluces ~aciatisn heat “rangcer
from ne ‘lame to structures in the compariment: MARCH goes et

include a “lame raciation model .



DRAFT

it!uuf!
MARCH I Anal/ses o+ in=vVessel Aczi:dent Srogress:on
MARCH 2 analyses were HUSeC I3 Precict the in-vessel nversgen
Feneration and (%3 release 52 the comzainment. T™e MARCH
calculations for snis Stancard sroclem were very similar =z those
Sonducted for BMI=2104, with the exception of some uocates input
SN the valume of water on the Sontainment ‘loor before overtlow
ints the reactor cavity, T™he in=vessel moael ing (MARCH
Subroutine BRIL) copticns ane AsSsumgtions in the Gase czase
calzulation were .cent:czal E0 these of BMI-2104, At tne ime of
VesSsel Dbotiom head failure dopronimately 49 per cent of  she
sirzaley clagding was Precicied o have reacted With  steam =2
Senerate nyarogen, Most af the Nvaragen generatec in=vesseal was
Fetained in the reactor coclant SysStem us 2 the time oF  vesse!l
failure ang was ~eleasec Fagidly upon failure together wish the

SaNTained quantity of Righ Dressure steanm.

Tacle [ gives the acz:izent event Times ‘or a4 ~epresentac: MARCH
ANAlvSis “or the TMLE Secuence as cotaines v Sandia. Figure 2
§iVeS Ihe czorresconzing steam Sourse 2 the containment, ang
Figure & oresents he Averagen imout ints the Santainment, ETY
Lllustrates i Figure =, =ne steam lnout LAts the SSntaifnment
SSNNisty o¢ twe zomzcrents: the FLFEt L8 the release o the nign
SFRINUFe FTeAM StOreE withiA the SFimary coclant svetem, and the
FEC3NE is the result 3¢ the interactien 2% the core 2eoris  with
STe ACSUMULATOF water LM the ~eactar Tavity. The mvaragen sourse

i.88 ‘8 Mage Jul ¢ twe comeeorents: She nvarsgen argcuces ‘A=

o



ASAST

PRA
vessel during the czore Telting phase, ang the nyarogen generated
SUFiNGg the dedbris-water interactien., Figure 4 (llustrates that
SNe dormer s sSunstantially larger shan tNe latter uncer :he
SSngitions =¥ this analysis.

Figures £ anc & give the Sontainment pressures ang temperatures
for the foregeing case as Calculated ny WECTR witheout any

L d
Ryarogen burning. Figure ¢ illustrates the ice remaining in the

iCe concenser as a function of time,

Analysis of Cantainment Response witmout HMydragen Burning
Besore SEeSeNnting specific results o+ “he Ayarsgen Bsurning
Analyses, .t may be ANt UCTive o consicer the Srecictions gf
SoNtainment conditions without Burming: shis may e use+sul
Dackgroung in  the uncerstanding of analyses with Myarogen
Burning. Figure 8 illustrates the containment sressure rescconse
A She apsence a+ any SUFRing as calculates oy MARCH. Note that
Shis particul ar calculation was cCar~ied out +or a Long time inte
“he aczicent secuence; our Rringigal interest .s in the ime
perice oe 4 ‘eow Nours ‘alilowing ~egacear vesse. “‘aillure, or
SeFRacs T2 asout T00 mimutes an Shis figure. Vessel nead ‘ailure
‘S Preqciziec at asout %0 minutew, wish 4 SaANTALAmeEnT sressure o+
About T0 seia immed:iately atter Reag Jailure. The precictes
SINTAINMENT Sressure LS ~elatively low even Thougr The ‘ailure o¥
She vessel nead is ‘ollowed oy FARLS Cedris guench Sue 2 the
efiectiveness of the ice Sancensaer, Comparisen ¢ Figures 2 anc
£ sNows tne Ziiierence Setwesr "he MARCH ang ~ECTE oreCictiong o%
TRe IINTALAMENT “eNnCNTes L~ 1N atsence 34 SUFRLNg. The ~sascrse

‘3F  these cisierences wil. De 2iscussec Later, Figures o«:2



- - R -
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Present <Ihe compositicn nistor:es oF the four compartments :in
Terms ¥ the mole ‘~acticns 2¢  steanm, fyarcogen, ane anygen.
Nitrogen is the other caANsTiTuent 24 she SSNtainment atmosphers
that is nmes explizitly shown in These <igures: a¥ter tne onset
of the corium=zoncrete iNteraction tnere may also be some caracn
MONCxide and zarson dicnide presant, In these ‘igures, Volume !

Feoresents the cead enc Spaces (N the |ower Compartment, Volume

« 18 the main area of the lower compartment, Volume T represents
the ugper slenum of the ize concenser, anc Volume 4 is the Jome
TRGLON anc cperating ¢loer. Figure 9 incicates that the ceac enc
COmpariments wouls e eXDeCcTed o De nen<lammacle due =z low
Ayarsgen coneentratieon, Bsut PO88ibly alsc cue %5 hign steam
cancentration later in time. Figure 10 illustrates that the main
velume of the |ower eaao‘rtnont woule be inertec essentially
SArsugnouT the time PerioC oF Lnterest oy the very Righ steanm
conceantrations predicted. Figure 1. shows very Rign Ayerogen
Soncentrations A SNe uooer plenum 2¢ the icow concenser-
smmeciately <‘ollowing vessel failure, The nign Nversgen +1ows
are seen 2 temocrarily reguce the cxvgen level in thise
SomEartiment, BSut there is Signifizant aover.ac setween nign
Rveragen anc near mnormal Siygen concentrations. The Suygen level
8 SeeN T2 DULlE U again after sre SWOrlsS JuenTNiINg pracess Nas
"un its zsurse. The steam zoncentration im She Jocer plenum o
the ice concenser L3 maintalned AT very low levels oy the imglied
es<eciiveaness 2 he .z» Soncenser. Figure (I .ngizates that
‘lammatle seneitions wEGU.LT oe® estanl.snes .~ “Ne Joper

iSmSaAriment shartly  a‘ter Nead ‘ailure anc naimtalnes “or she



time gcuraticn of inte~ess. It SNoUlZ e emphasizec shat the
Fesults presented i~ the #erwco'nq figures are sased on ne
SUFNING, ane that the ASsSumetion of durming at am Tage :n zhe
calculation woule alter she sutsequent coservat:sns, These
figures adc illustrate the tyPes cfcomposition changes that are
Rredictec in the analyses With Burning consideres, andg lanz
insignt on the reascons why certain comgartments are ‘lammable at

Some times and not at others.

Resulzss oo Myerogen Burning Amalyses

Tacles I ame :I:: SUmMmariIe Ine spesisic  cases evaluatas oy
Sangia ang Batzelle, FeSpecively: <urther getails on the
‘NGivicual cases are provicee in the appendices. Tacle v
Sompares the results of the twe SE8Ts OF calculations sor a number
of kevy enu{ Scme general Soservations on the ~esulss o+ Ne
ice Concenser Pur Stancarz Proplem will be Siven rlere, -
Giscussion of e difierences Setween tne MARCH ang HEDTR
Precictions will Se given in a .ater section.

The calculatisns Seriormec ‘or the TMLE secuenc® in an iz®
SINCenser containment design incicate Shat the .ower zortions of
the containnment will e inertet with ~espect o Ryerogen urning
“Or ma.or zorzicns sf the ACSigdent sequenca. The Joper pert:ions
% The ice zoncenser, RaArFTicularly wthe uooer plenum. ane the z2ome
Fegisn oF the containment weuld S® miDected to SoNtain ‘lammable
SEmMECsitiane shertly adter neac fallure as wel! as “Nervarter,
Eince, v szedinisionm, QLECTI LI DOWe” L8 MCT availacle in this
IeTUeNZE, AySrSQen igniters wouls Met se d/allacie 2 zantrel the

SULISUR 2¢ Nign sohcentratians 2¢ Mvearsgen, THus igmition couls

b



es<eciively Dbe a random event. T™he discharge of the het ccre
WOFis fROm the ~eactor vessel at the time 2F vessel head failure
i8S QFten cited as & licely source of ignition. In the anal v ses
Sonsiderec here, however, the lower Compartment was typically
found to be inerted Dy high steam Concentrations at the time ot
heaa failure, Thus the het core cedris woule not necessarily be
an effective ignition source uniess some of the deoris founa

their way into the UpDer compartment wisthout first being cooled.

Far the adcve Feascns, a4 variety of ignit: Sriteria werse
slaminec Quring these analyses: these .ncluceec ignitien on
Ryersgen concentratisn, on vessel oreacn, ang at various Sime
Selays after vessel SreacH. Siven ignition, a Aumber of Surns
were typically predicted. Burning was typically sredicted <o
STarT in the usper porzicns 24 the ‘SR concenser compartment ancg,
48 long as the Burning was Sonfined =2 the ice Sondenser, very
10w Zontalnment aressure ioaas were ‘ounc. in essentially all
the cases consideres, Nowever, :he surning was eventually
Sreciciec Iz oropagate frem the Lce SSmoartment T2 tNe uoper docme
region, when the latter cczur-ec, Sudstantial pressure rises
were calzulated.

Some 2+ the sensitivities o< “Ne oreciciec zantainment lsace an
She variacles consicered (A ine dnalvees are ciscussesd bLelow.
The oarecicted pear SSnTainment pressure lsacs were soune =2
SNEFNASe wiih he entent 2+ Aevessel Averegen araguction. T™his
B AR RNDeCTeT SONerUATION Eifce the SrReter n-vessel srosucse:an

wiu.2 leac =2 TIFTeN0CNEIAGLY Migher Rveragen zoncert atisns in



BEAST
he various Compartiments 2F the sontainment, :gyﬁl'

The opreciciec seak SINTaAiNment pressures were foune o se
Sensitive Iz Me timing =4 LFNITION, with gelays in the timing o¥
*gnition  leaging o nigher peak pressures. This again 1s anm
exDected ~esult, since the ionger the time to ignition, tne more
time for nycrogen o Suild up in the upper pertions of the
containment. Thw peak containment Aressures were alsc foune o
increase with the Magnitude of the stesam spike ‘allowing reactsr
vessal breach. The larger she Steam spike the more of sne
fvercgen czan Dbe swept .nts she uYpper compartment: the large
SEnTtainment locacs are alwavs ASSCCLATAC with Durns That SrIpagate
iAT2 the uooer compar<ment.

T™e oceac enc spaces Ff tne lower compartment were generally
precicies <2 e nentlammacle, or nave Rrarcgen concentraticns
Sarely ints the ‘lammatle range, Thus minmimal Burning weule e
Rrecicied in this part oF the Sontainment uncer “he Songiticns of
She presernt analyses. Since MOStT OF Lhne zontainment fPenetrations
are Delievee <tz e .ccatec :in these aresas, (% may be iNFer~eq
that overtemperature SNallenges =2 comta:inment Senetrations e
AST Constitute & ma or <hreat == SSNTainment integrity,

The nNydraogen sancentrat:ens N local regions were sregiscs ts
TRACh cetsnacle pragersicns in a Aumoer 2F The czases zonsicerses.
Ne:Iher =ECTR ner MARCH zan treat nversgen cetsmat:ions ans  are
LAMITEE T2 the assumgtion of Se‘lagraticn tyoe Dbenavier. Thus
“he possitle imglizations o yersgen zetcnations, snouls  thevy

SEf, Nave net Deer 4CSreeNeT .~ 4re Sresent stucies.

< IFFERENCES ZETWESN MAACH AND ~“ECTR MCDELING



PR
CFFFRENCES ZETHEFN rARLK 2iy HELTR Ir0Ls4d/ne
OF ICE CONDENSER CONTAINMENTS

1T has Leen ncted that “here are a number o+ Sifferences tetween
“he MARCH anc ~ECTR Sreatments of ize concenser ontainments.
Some o+ =he primcisal Sifferences anc the imglicaticns oF these
differences on the Preciciec results will be Siscussec :in sLhis
seaczicn,
The MACE routine in MARCH whnich tresats Santainment Senavier is
Sasically limited =2 series flow pathns: this means that all  she
flow <4rom the lower Sompartiment to the upper Sompariment passes
SAFSUgn the ice concenser. HECTR mccels series as well as
Rarallel “low saths: +or ‘SR concenser Lontainments this iNcluces
Consideration of some ‘low from the lower Somparinent =g the
{Goper  compartnent Shrough the 4loer grains, <hus Sypassing <the
ice bed,
MARCH treats the ice condenser as a neat cx:&anqur in the
Junesi Setween twe compartments. The per<ormance of tne ice
SSnoenser .s cescribec v SDecifying the ex:: stream temgerature
from the .z® ced: the values incorporates imts MARCH are sasec an
he large scale enJeriments csnductes :n SNe course cf the
develcoment of enis S2NTainment canceps. In the analvses
SonQuStes nere <M s moce. r~esults 1n  the SSncensat:on of
essentially all zhe stepam SasSsing tnrough Ls. HECTR exglicisly
mocels ine ice concenser oy 4 series ¢ compartments, ingluging a
STeAm condensation mecel that saves A% acsount the ~aza of heat
transfer setween tne ‘luig streanm ane the :ce. The =~EZTR meogel
SermLTE More steam o sSoss SAFSUSR e ize Sef witmeus ssnzensing
tTan Jces tne MARCH mocel.

The ranscer o¢ nass anc ®Ner3Y Setween compartments s MARCH i s,

-
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wWith some exceptions, Cased on the assumpt: 0% pressurse

.

equilibration ameong  Compartments. This s Seli:evesz %S bce a
FeasCnadle appronimation except <or very rapgic transients, e.g3.,
detonatian. This agproximation Ras teen accptec in  orger e
improve the etéiciency of the Somputations anc is sSCmewnat unigue
£ MARCH. HECTR mocdels transfers Setween compartments cue =o
pressure as well as Suovancy Gisferences, ACSoUNTing for Jlow
resistances, cne way iil Soncdenser coors, the finite ¢time
required for these aoeri' TS close, et:z.

The accve key ciisiersnces Setween the MARCH ang HESTRE treatnents
SF the .ce concenser SSNTainment are celieves o be the reascns
for the cifserencas in the predictec results. in comgaring the
Rressures pregicied Sy the twe Sodes .n the acsence of any
Surning, Figures % anc ﬂ; it can be seen that the HECTR mocel ing
Leacs Iz nigner CINTainment sressures tran SCes =he MARCH
treatmens. nis difference s SNSistent witn the above
SisScCussion oF di<<ersnces. ™e nigner zressures pregictes oy
HECTR. prier <o SUFTING are alsc man:‘estec when Surning takes
slace, The =ECTR burn sressures STart 4~z2m a nigner level =man
SC those in MARCH. Alse, =ne Righer sreex.sting presures imely
That a larger amount oF Ryeragen must se accumulates inm  any
“Smoartmen< 2 reach a given velumerns=:= encent=aticn ¢

nyersgen.

W



CONCLUSIONS - —t

Sasec on the analvses of whr lce Cancenser FPuWR Stancarz Fesplem

isCussec apove, <ne “cllowing SCservations can e made:

For tNe aczigert secuence Sonsicderec, ignitisn of the

Ryarogen—air Mixtures .s effectively a rancom event;

ignitien is net AsSsured even afier vessel Sreach gue %o

Steam inerting of the lower Sompartment anc lower portions
of the ice concenser.

AsSsuming the availapility o an ignitisn scurce, Surning was
typically +founmg == start in the :ce Sondenser, sut generally
e srecictad S22 eventually propagate 4o the uSper
Sompartment.

When Dburning was con<inec 2 the ice concenser comparwment,
the resulting overall pressures were small; propagation of
She burning <2 the uooer Sampariment led =3 tne RreciItion of
lLarge BP';IHP. ~ises,

The <czalculated peak Pressure lcacings were found =z be
sensitive %z %the Siming of ignition, wish longer celays <o
ignition leacing =22 Righer asrediczied peax pressures.

The greciziesc cear Sressures 1N the containment were found
T2 increase with NCreasing extent oFf n-vessel lirzaley
Sxidation,

The precictec peak SSNTainment Sressures were <‘ound te
‘NCTRASe with increasing magnitude o+ “he ex~vessel steam
stike following vessel Sreack.

“3Cally gcetcnacle zomeositisns wers foune =tz be opessitle

uncer tNe zoneiticns anc ASsSUMCTionNs 2¢ tnese anal vees: the



effects oF possible detconations were not consigderesd n the
present analyvses.

A Number of di‘serences Setween the acorsaches used By <he
Swe groups analyzing this protlem werns notedc. These
Gifferences leac = differences in the speci<ic values 1n the
lcadings precdicied, but the overall trends in predicted

Dehavior were 4%«! o be very similar,
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ICE CONDENSER PHR STANDARD PROBLER \
SUMHARY OF ICE CONDENSCR PHR STANDARD PROBLEN RESULTS

e ————— ——

lenivion

In-Vesser STEAN THRE sHoLD leniv1on Peax Pressune, PSiA
Ir Oxing, % SPIKE V/o Nz Time/Type MARCH HECTR

9 HiGH NONE NONE 30 hg

49 G 8 bl 76 104

" neen® a* i h8* 95*

9 HiGH 8 VB 76 88

9" mien* 8* vi* 70 150*

49 HIGH 8 VB5 sec 77 77

9 HIGH 8 VBi20 sec 82 122

9 HiGH 10 NON-MECH, 80 9%

9 LOW 8 Dl 53

49 LOW 8 VBi5 sec 70

09 LOW 10 NON-MECH, 48

100 niGn 8 Vi 135

100 LOW 8 V5 sec 101

39 G 8 VB« S see 86

39 LOW 8 VIS sec 58 —

h9 HIGH h.1 VIS sec 86 '-j.;)_
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