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The Role of Fission Gas in the Analysis of Hypothetical Core Disruptive
Accidents, by E.A. Fischer, Federal Republic of Germany.

1. Introduction
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This paper summarizes recent vork e.t Karlsruhe with the goal of under-

standing the effects of fission gas in hypothetical core disruptive

accidents. The fission gas behavior model is discussed in Section 2.

The computer programs LANOZBIT and KURZZEIT describe the long-term and

the transient gas behavior, respectively. Recent improvements in the

modeling, and a comparison of results with experimental data are re-

ported. A somewhat detailed study of the role of fission gas in transient

overpower (TOP) accidents was carried out. If pessimistic assumptions,

like pin failure near the axial midplane, are made, these accidents

•end in core disassembly. The codes HOPE and KADIS were used to analyze

the initiating and the disassembly phase in these studies. In Section 3,

improvements of the codes are discussed. They include an automatic data

transfer from HOPE to KADIS, and a new equation of state in KADIS, with

an improved model for fission gas behavior. In Section h, the analysis

of a 15 i/sec reactivity ramp accident is presented. Different pin

failure criteria are used. In the cases selected, the codes predict

an energetic disassembly. For the much discussed loss-of-flow driven TOP,

detailed models are presently not available at Karlsruhe. Therefore,

only a few comments, and the results of a few scoping calculations will

be presented.

2. Improvements in the Fission Gas Release Models

2ii_Comments_on_the_Model_LANGZEIT/KyRZZEIT

The steady state fission gas concentration in the fuel is calculated using

the model by Ronchi and Matzke in the computer program LANGZEIT /1,2/.

This model is not as detailed as some other gas behavior codes, for

example GRASS /3/; however, it describes the major effects such as

precipitation of gas in intragranular bubbles, re-3olution, and migration

of gas atoms to grain boundaries. The input parameters of the model were

reassessed recently A / on the basis of available experimental information.

Though there are rather large uncertainties in some of these parameters,

X

N
CO
•*»



it was found that for reasonable values the results of the model compare

favorably with experimental data on gas release. From a LANGZEIT calcu-

lation for each radial fuel node in each core mesh cell, one obtains also

a rather detailed distribution of the gas content in the matrix, and in

the intragranular bubbles. The transient gas behavior is described by

the program KURZZEIT, which is based on the same model. Two characteristic

effects occur in two different phases during a temperature transient.

The first is the fast precipitation of bubbles in the unrestructured fuel,

which leads to transient fuel swelling. The second phase is characterized

by gas bubble migration to the grain boundaries, which leads to transient

gas release. This effect is discussed in some detail below.

case one obtains for the pore interlinkage fraction 31

The original version of LAHGZEIT overestimated the fission gas release

for low burn ups /It/. This is due to neglection of gas retention in

intergranular pores. In the latest version of LANOZEIT the mathematical

percolation theory was applied to define the concept of interlinkage /5/.

Assuming a certain space distribution of "sites" connected with "bonds"

randomly distributed with a concentration P (number of bonds/number of

sites), interlinkage may occur when a finite probability can be calculated

for a infinite chain of bonds starting from a given site. It has been

shown /5/ that the percolation condition is verified for a P > 1.569.

Assuming that the pores are distributed as spheres of radius r among

grains of radius r , the average number of bonds per pore can be calcu-

lated as

n+n
P

with n concentration of pores

n concentration of grains

N Coordinations number of compact arrangement of pores

N Coordinations number of spheres.

% 1-5T

2

Lv
~ lux

. *°\ J
where a ha3 to be calculated from experimental hystograms of the pore and

grain radii and porosity.

The program was recently improved by inclusion of the interlinkage concept 161

and was used to calculate the fission gas release as a function of burn

up for an LHFBR pin with a linear heat rate of 350 W/cm. In Fig. 1, the

results are compared with the Dutt relation 111 and with experimental data

obtained in the frame of the SNR fuel irradiation program /8/. Analysis

shows that the results are within the scatter of the experimental data

and show good agreement with the results from the empirical Dutt corre-

lation even in the low burnup range.

The radial distribution of retained fission gas in a typical SNR300 pin

is shown in Fig. 2, for a burn up of 60 000 HWd/to (EOL conditions).

Again, the results from LANOZEIT and Dutt are fairly well consistent.

Thus, LAHGZEIT verifies, on a theoretical basis, the empirical Dutt re-

lation, which was derived for a different fuel pin design.

The programs LAHGZEIT/KIJRZZEIT, in the original version, did not take

account of the diffusion of fission gas bubbles. This process, which is

considered the dominant mechanism for gas release in the codes GRASS /3/

and FRAS /9/, is certainly present, but there is still a large uncertainty

as to the magnitude of this effect. Poeppel /3/ estimated the diffusion

coefficient on the basis of two different mechanisms, namely surface

diffusion, and vapor phase diffusion. He found that the first process is

by far the dominant one, and he obtained the following value for the

bubble diffusion coefficient

A first crude assumption would be to consider the condition P > 1.569

as an abrupt limit for intergranular release through percolation. Actually

f is a function of the statistical distribution of the structural para-

meters, depending on the local fuel condition. Therefore, a Gaussian

distribution around an average value of P has to be assumed. In this

O.38U 10
-2U

exp(-108000/RT) (1)

where the bubble radius r is in cm, RT in cal/mol.



To assess the influence of bubble diffusion on gas release, the paths

which bubbles travel, either by random motion, or by biased migration

in a thermal gradient, will now be estimated, using Poeppel's value for

D, . For random motion of gas bubbles, one has

Ax 6Dbt (2)

where t is the diffusion time. On the other hand, the migration speed

of a bubble moving in a thermal gradient is /3/

Unr3 Q* 3 VT
v = D —

38 BT 2 T
(3)

—23 3
where 11 is the molecular volume in solid U0p, assumed to be It.09 '10 cm ,

and the activation energy Q* is taken to be 10^ cal/raol, as was suggested

by Poeppel.

With these data, it is obvious that bubble migration is negligibly small

in unrestructured fuel, i.e. at temperatures below 1300 C. However, at

higher temperatures, bubbles migrate at a considerable speed. To estimate

the order of magnitude, assume a temperature of 1800 C, a bubble radius

of 10 nra, a grain size of 10 urn, and a temperature gradient of 14000 C/cm.

Then, the bubbles move at a speed of 1.1 • 10 cm/sec in the gradient,and

thus reach the grain boundary after 90 seconds. In comparison, the distances

travelled by random migration are several orders of magnitude lower.

On the basis of these estimates, one expects that biased migration of

gas bubbles is an important mechanisn for quick gas release in high-

teraperature fuel, both under steady state and transient conditions. Con-

sidering first the steady state case, one observes, however, that the

mechanism of the Ronchi-Matzke model, namely diffusion of atomic gas to

grain boundaries, also predicts quick gas release at high temperatures.

Thus, it turns out that the results of steady state calculations with

LANGZEIT do not depend strongly on whether bubble migration is included

or not. It was, therefore, decided to neglect this effect in the reference

version of LANGZEIT.

The situation is different for the case of temperature transients with

irradiated fuel. By the time the gas containing unrestructured fuel reaches

the temperature range where transient gas release is fast enough to be

of importance, the gas in dynamic solution has disappeared, due to the

process of precipitation in bubbles. Thus, bubble migration is the only

important mechanism for transient gas release, and it was necessary to

take account of this effect in the analysis of the transient gas behavior.

Therefore, a simple model for bubble migration was included in the KURZZEIT

program. It was assumed that the bubbles, which all have the same size in

the Ronchi-Matzke model, move with the speed given by Eq. (3). The gas is

released as the bubble reaches a grain boundary. No new bubbles are formed

during the transient, so that a bubble-free region, increasing in size,

is formed.

As mentioned above, the bubble diffusion coefficient is not well known.

Buescher and Meyer /10/ measured the migration velocities of cyclotron-

injected helium bubbles in U0_. These experiments cover the range of

bubbles sizes which are important for the present study, and are therefore

more interesting than earlier experimental data quoted by Poeppel /3/.

The results by Buescher and Meyer can be represented by the bubble diffusion

coefficient
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exp(-100000/RT)

For a bubble radius of 20 nm, typical for a LANGZEIT calculation, the

result of Eq. (!») is about two orders of magnitude lower than the theo-

retical prediction by Poeppel. As this discrepancy is not explained at

present, it was decided to work with a value of average magnitude, which

was taken to be 10 % of Poeppel's diffusion coefficient, Eq. (1). It will

be demonstrated that the final results are not very sensitive to the

value selected.

?i!»_Transient_Effects_in_KyRZZEIT

If the fuel pin undergoes a temperature transient, the gas present in

dynamic solution in the unrestructured region of the fuel haa an increased

tendency to precipitate into existing bubbles. Furthermore, the bubbles

grow by capture of vacancies, to obtain the equilibrium pressure with the

surface tension of the solid. Therefore, transient fuel swelling takes

place due to an increase in the total bubble volume. Bogensberger and

Ronchi /2/ discussed this behavior in detail. They also demonstrated that

the bubble growth can be well described by the program KURZZEIT, which

solves the associated differential equations for the conditions of a

temperature transient.



As the gas-bearing fuel is heated further in the course of a temperature

transient (above i» 2200 C), biased migration of gas bubbles in the tempe-

rature gradient becomes important. To take account of this effect, a simple

model for bubble migration has been included in the KURZZEIT program.

With values of reasonable magnitude for the bubble diffusion coefficient

the migration rates are such that transient release occurs in the order of

a few seconds. Therefore, this effect plays a significant role only in

rather slow transients (corresponding to a transient overpower accident

with less than about 50 |!/sec), but is negligible in faster excursions.

2.5. Analj£8is_of Laboratory Experiment8_on_Tran§ient_Gas_Release

In a series of experiments conducted at HEDL /11/, fuel pins irradiated in

the EBR-II were subjected to temperature transients in an electrically

heated capsule. These experiments provided important information on the

fission gas behavior during transient heating. Therefore, a theoretical

analysis of one of these tests, FGH-15, was carried out, for which complete

data under defined conditions of the fuel are available. The fuel was

irradiated at UUO W/cm for 1(5000 MWd/to. The detailed temperature rise

is reported by HEDL /11/.

To analyse this test, calculations with the program KURZZEIT were carried out,

with the input data taken from a LANGZEIT run for UUo W/cm. There was a

significant gaB content only in the outer 15 % of the fuel radius (compare

Fig. 2). The bubble diffusion coefficient was taken to be 10 % of Poeppel's

value. Plots of the calculated concentration of gas in bubbles and in

dynamic solution are shown in Fig. 3. The values are averages over the gas-

bearing region. The figure illustrates that precipitation of the lattice

gas in bubbles starts after 10 see (at *v 1600 C), and is completed two

seconds later. Still one second later, transient gas release due to biased

migration of bubbles becomes important. The release is complete only when

the temperature is nearing the melting point.

The experimental and calculated release fractions are plotted in Fig. U. The

release, as calculated with the standard input data starts later, but then

proceeds faster than in the experiment. The reason for this deviation is

not clear at present. There are, of course, uncertainties in the input para-

meters. Calculations in which the bubble diffusion coefficient was increased,

and decreased by a factor of two serve to estimate the range associated with

this uncertainty. However, it definitely cannot explain the observed deviation.

Possible reasons are the simplistic features of the model, as neglection of

bubble coalescence and release of intergranular gas, or else uncertainties

in the data quoted by HEDL /11/, for example in the transient temperature

profile. Thus, the KURZZEIT model in its present state reproduces about

correctly the time needed till complete gas release, but not the detailed

release history.

3. Modeling of Fission Gas Effects in the Accident Analysis Codes

3.J_H0PE

At Karlsruhe, the code HOPE for the analysis of the initiating phase of a

transient overpower (TOP) accident is available. The fission gas release mo-

deling in HOPE, which was described by Rumble /12/, was not changed. The

steady state gas release is based on the Dutt relation /T/, which was shown

to be consistent with the LANGZEIT results /•»/. Transient gas release occurs

when unrestructured fuel melts. A certain fraction (usually assumed as 20 J)

of retained gas is viewed to reside at the grain boundaries, and is released

as the fuel reaches the solidus. The rest is released in proportion to

the melt fraction. Though this model does not account explicitly for gas

release below the melting point, it offers the possibility to increase

the fraction of gas to be released at the solidus. A study was carried out

(Section l».3) where this fraction was increased to 100 %, thus simulating

the early release predicted by KURZZEIT for mild transients.

Recent improvements include the organisation of an automatic transfer of

data from HOPE to the disassembly code KADIS /6/.

The data set at the switchover point to disassembly comprises essentially

the cell-averaged temperatures, densities, and volume fractions of the

core materials, including fission gas. In connection with this data transfer,

it was necessary to introduce a new equation of state in KADIS, with a

more detailed modeling for fission gas effects. This new EOS is described

in the following section.

3jt2_New_EquBtion_of_State_in_KADIS

In order to follow up the gas behavior in KADIS, a new equation of state

was introduced into this program. In a node which contains fission gas,

the following model is used to obtain the pressure:

a) The fuel vapor pressure, calculated according to a recent data evaluation

for UOp, contributes to the total pressure. However, no single-phase
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liquid pressures are allowed, because fuel compressibility is much lower

than for sodium.

b) The gas mass in a particular mesh cell may increase during a time step

due to release of additional gas, if the fuel has not reached the liquidus,

and still contains retained fission gas. There is indication from ex-

periments in the VIPER reactor /13/ that the pressure of fission gas

originally in the fuel becomes operative upon fuel melting without major

time delay. Therefore, instantaneous release is assumed, in proportion

to the melt fraction.

c) Heat transfer from the fuel to the gas is modeled, using a time constant

which is an input parameter. Thus, any case between zero heat transfer,

and the gas in thermal equilibrium with the fuel, can be treated.

It. Analysis of Whole Core Accidents

of the_Reactor

Unprotected transient overpower accidents have been analyzed for the end of

life (EOL) configuration of the SHR-3OO, Mark 1A core. Some features of

the core, which are important for an understanding of the results, will be

briefly described.

The reactor is a (U,Pu)Og-fueled demo plant, with a thermal power of

751* MW. The EOL core corresponds to 1*1(1 days of operation, with a peak

burn up of 760OO MWd/to. Both the radial and axial power distributions are

rather flat. The maximum linear heat rate is about 290 W/cm in the central

channel, and 230 W/cm in the channel with the lowest power.
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d) Given the gas mass and temperature, according to b) and c), and the new

volume of the mesh cell, it is assumed that the gas expands (or is

compressed) adiabatically into the now available volume. In cells with

liquid sodium, gas volume fractions are low, typically of the order of

1 %. One can easily convince himself that the compressibility of

sodium must be accounted for in such a case. Assume, for example, that

the gas is under a pressure of 1000 bar. Then, the sodium ("V 50 v/o)

is compressed by 2-3 %, which more than doubles the available gas

volume, and leads to a lower pressure. Therefore, it is necessary to

solve the volume balance equation in a cell

VNa(P) • Vf • • Vgas(P) Volume

where V^ (p) includes the sodium compressibility, and V (p) is the

adiabatic gas equation. A fast iterative scheme is used to solve this

equation.

e) The vapor pressure of sodium is neglected. However, heat transfer from

molten, fragmented fuel to sodium can be included, according to a model

by Schmuck /1U/. As a consequence, the liquid sodium expands, and

reduces the space available for the gas, thus leading indirectly to

an increase in the gas pressure.

For the analysis, the reactor is divided into 13 radial channels. Nine

channels represent the inner core zone, channels 10 and 11 are used for

the outer core zone, with a higher Pu enrichment. The last two channels

represent the radial blanket. In the axial direction, the core region is

divided into 13 nodes, and the upper and lower blanket into U and 3 nodes.

A more detailed description of the reactor configuration, including tables

of the reactivity coefficients, was published by Frohlich et al./iU/.

-i?_*i!5iXiiS_2l!_5_J5_^/Bec_Ramp_Accident_U8ing_a_Melt_Fraction Criterion

To test the coupled code system HOPE and KADIS, and to demonstrate the

shutdown capability of the fission gaa pressure in the core disassembly

phase, a transient overpower (TOP) accident was analyzed. The accident was

initiated by a 15 ifaec reactivity ramp. The pins were assumed to fail at

a fuel melt fraction of 30 %, at the position of the axial power peak. With

this rather pessimistic assumption, the accident is terminated-by an

energetic disassembly-. The melt fraction criterion was selected because

this case can be compared to early TOP accident studies with the codes

CAPRI-2 and KADIS /Il»/, where fission gas effects were not taken into

account.

The input parameters are given in Table 1. In Table 2 the important results

are shown, and compared with results of the earlier simulations /ill/

with the codes CAPRI-2 and KADIS.



At the time of the first pin failure in channel 1, the conditions are very

similar to the ones predicted by the earlier simulation. The power rise

after failure of the channels 1 and 2 is relatively slow (Fig. 5). Only

after channel 10 fails, too, the large void and fuel compaction reactivity

of this outer channel leads to a fast power increase. The other channels

fail in a rapid sequence, and the accumulating ramps drive the core into

a superprompt critical state. At the switchover point to disassembly,

defined when the pellet-averaged fuel temperature in the hottest node

reaches 315O°C, the inner channels 1 and 2, and the upper portion of

channel 10 are voided, which leads to a void reactivity of about 70 rf.

The reactivity and power conditions are more severe than in earlier simu-

lations. This is in part due to the positive fuel motion reactivity

associated with the ejection process, which dominates over the sweep out

reactivity in the voided channels.

The pressure distribution in the core region at the beginning of the dis-

assembly phase is shown in Table 3. High fission gas pressures are present

in the unvoided nodes. However, in the voided portion of the core, the

gas can expand into the void space, and the pressures are much lower.

Core disassembly proceeds more rapidly than in the CAPRI2-KADIS simulation,

and leads to a considerably lower energy release. The energy in the molten

fuel, 1952 MJ, is only 66 % of the earlier case.

Fission gas influences the course of thi3 accident in two characteristic

ways. In the fuel ejection model, fission gas acts as a driving force for

autocatalytic fuel compaction toward the axial midplane. Thus, more

severe conditions are predicted at the end of the predisassembly phase.

On the other hand, the fission gas pressure leads to an earlier core dis-

assembly, and to a reduced energy release. Thus, the presently available

models are consistent. Though both effects are probably overestimated, the

tendency toward a lowering of the energy release is clearly established.

The switchover temperature to disassembly, 315O°C, may seem to be rather

high. It was chosen in order to be pessimistic, because an earlier

switchover leads to a lower energy release. On the other hand, the

conditions for disassembly are certainly fulfilled at 315O°C. This can be

argued on the basis of case studies, which show that at this point, the

gas pressure in the cavities is of the order of several hundred bars,

and is rapidly increasing, inspite of the ejection process, which is still

going on. Thus, the rupture stress of the clad is exceeded, and the clad

breaches over a large portion of the core within a few milliseconds, re-

sulting in very little axial fuel motion within the pin. Furthermore, at

this point the core has reached a prompt critical state and the power level

is high. This leads to a fast heating rate of the fuel, and it is reasonable

to assume that the high pressure cavity gas fills the available void space

in the associated core volume, unhindered by the presence of the clad.

Thus, the gas pressure acts on the neighboring regions of the core both

in axial and radial direction, and through its high compression can lead

to core disassembly. In addition, it must be demonstrated that an earlier

switchover leads to a lower energy release. Therefore, a case was run where

the switchover temperature was reduced to 2800 C, keeping all the other

parameters the same. In this case, the earlier onset of core disassembly

leads to an energy in the molten fuel of 983 MJ. This is only half of that

predicted in the original case, thus showing that a high switchover tempe-

rature is a pessimistic assumption.

U.3 TOP with a Mechanical Failure Criterion, Using Different Assumptions

forthe Tran3 ient Qg
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In order to investigate the effect of transient gas release below the

solidus line, as predicted by KURZZEIT for mild transients, two simulations

of a 15 rf/sec ramp accident were studied, with different gas release para-

meters. In case T1, the standard parameters were used, whereas 100 %

release at the solidus was assumed for case T2. In both cases, the burst

stress failure criterion /15/ was used, in which the cavity pressure loads

the clad via a strengthless fuel after being reduced with the ratio of

the transient melt and inner clad radii. Failure is predicted by the HOPE

code at time and position where the calculated transient clad stress first

exceeds the temperature dependent local value of the rupture stress. It

should be mentioned that these cases were discussed in an earlier paper /6/.

In both cases, the gas release as a consequence of unrestructured fuel

melting leads to pressurization of the cavity, and causes pin failure. In

case T1, the rather low powered channel 9 is the first to fail; this is

because the volume of the central channel is small, and thus the gas

release leads to a rather high cavity pressure. Failure occurs at 61 %

of the active core height; therefore, the resulting void reactivity feed-

back is not as large as in the case with a meltfraction criterion. In

addition, the failure sequence is not as rapid and thu3 the power rise

is not as fast (Fig. 6). The FCI has time to void large portions of the

channels 9 and 3. The calculated fuel sweep out reactivity effect is not



sufficient to balance positive reactivity feedbacks from the later failing

channels so that disassembly conditions are reached.

At switchover, the core conditions are less severe than in the preceding

case and the accident is much milder, with an energy in the molten fuel of

1101 MUsec after disassembly (Table U).

In case T2, gas release and cavity pressurization occur, by definition,

immediately after melting of the unre3tructured gas bearing fuel. Fig. 6

shows also the power trace of thia case. Earlier failure due to the

earlier pressure rise in the cavity results in somewhat smaller fuel melt

fractions and smaller enthalpy content at failure. Thus the time period

from failure to disassembly becomes somewhat extended. However, the overall

accident sequence resembles very much case Tit The rate of power rise

allows time for some of the channels to be voided; the high void reactivity

at the switchover point is in part compensated by negative fuel reactivity;

the disassembly phase is indeed rather similar to case T1, and the energy

of the molten fuel is only about U % higher. Thus, the study of the two

cases T1 and T2 has shown that the assumption of early gas release in a

mild TOP does not change the overall accident sequence very much. The simu-

lated early gas release does not represent a mechanism which leads to a

more coherent failure of the different channels.

Although the unprotected loss-of-flow (LOF) accident is considered more

important than the TOP accident, the computational tools presently

available at Karlsruhe for LOF accident analysis of irradiated cores are

much less advanced than the tools available for TOP accident analysis.

More advanced methods, which can treat fission gas effects more appropriately

for LOF accident analysis, are under development. Therefore, only a few

comments and results of scoping calculations will be given. As shown by

Meyer et al. for the Clinch Hiver Breeder Reactor /i6/, the pessimistic

assumptions that axial fuel expansion is neglected, and that fuel dispersal

due to fission gas is delayed in their SLUMPY calculation leads to a LOF

driven TOP. If in addition to these pessimistic assumptions the pessimistic

assumption of midplane failure is postulated for the non-voided channels,

the ejection model leads to an autocatalytic fuel compaction, which drives

the core into an energetic disassembly. If fission gas effects were neglected

during the disassembly phase, then an enerf̂ r of 7200 MJ is predicted for

the molten fuel. Estimates have shown /17/ that one would arrive at about

5'l00 MJ under equivalent assumptions for the SNR-300. However, this procedure

is not consistent. If one assumes that fission gas leads to autocatalytic

fuel compaction, one should also take credit for the fission gas pressure

as a core disassembly mechanism. In that case, the energy in the molten

fuel would be reduced to about 1300 MJ, which is in a acceptable range. It

is expected that the tools for a more systematic analysis of the LOF driven

TOP will soon be available at Karlsruhe.

5. Conclusions

Recent developments at Karlsruhe in the modeling of fission gas behavior,

and in methods for accident analysis, in connection with the availability

of the code HOPE, have lead to a significant improvement in the capability to

understand the role of fission gas in a transient overpower accident.

The two main effects, namely autocatalytic fuel compaction in the pre-

disassembly phase, and core disassembly at a lower temperature level,

result in a net mitigation of the accident, and thus in a reduction of

the energy release. However, it is clear that both of the mentioned effects

are overestimated by the present models, and further detailed modeling

work is necessary. For the loss-of-flow accident, the situation is less

satisfactory. A detailed analysis, including fission gas effects, is not

yet available, but will be carried out in the near future.
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Table 2: Results for a 15 i/aec TOP using a thermal failure criterion Table 3: Fission Gas Pressure (in Bar) at the Begin of the Disassembly Phase «0

(Case with Melt Fraction Criterion)

Pin Failure

Assumed Failure melt fraction

Time of first failure (sec)

Normalized Power at first failure

Net Reactivity ($)

Failure Sequence, channels

FCI Data, Channel 1

Mass ratio fuel/sodium

axial height of failure position

Data at Switchover to Disassembly

FCI time in channel 1 (msec)

Normalized Power

Net reactivity/ramp ($; #/sec)

Doppler reactivity/ramp ($;$/sec)

Void reactivity/ramp ($;$/aec)

Fuel reactivity/ramp ($;$/aec)

Disassembly Data

Duration of core disassembly (msec)

Energy in the molten fuel (MWsec)

Mass of molten fuel (%)

Average temperature of molten fuel (°C]

Fresh Core

CAPRI/KADIS
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0.50
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6.0
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83
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EOL Core
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It.2

0.1(1
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30 %
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It.2

0.1(1
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Table I*: Results for the TOP cases T1 and T2

Case T1

Ramp Rate (#/sec)

Gas Release at the Solidus

Failure Criterion

Failure Time (sec)

Normalized Pover

Cavity Pressure (bar)

Failure Position
(% of active core height)

Data at switch over

Time (sec)

Normalized Power

Bet Reactivity and Ramp (jS;5f/see)

Void Reactivity and Ramp (3;#/sec)

Fuel Reactivity and Ramp (#;#/sec)

Doppler Reactivity and Ramp ($f;#/sec)

Results from Disassembly
Calculations

Duration (msec)

Energy of molten fuel (HWsec)

Mass of molten fuel (kg)

1.50

1101

3111

T2

0.15

20 %

burst stress

9.37

818

61 %

0.15

100 %

9.21

725

61 %

9-t2

1.12

1.009/3

1.288/38

-O.U82/-6

-1.236/-29

9.29

570

1.050/5

1.165/50

-0.273/-11

-1.238/-3U

1137

3188

3100
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