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ABSTRACT

This report summarizes the results of  the International -Standard
Problem exercise ISP 19. The report has been prepared by the Section
for Study of Accidents in Water Reactors (SEAREL) which is part of
Department for Studies and Research in Reactor Safety (DERS) included
in the Institute for Protection and Safety of Nuclear Installations
(CEA/IPSN). The PHEBUS 218 experiment, on which js based the ISP
19, was run by Safety Tests Service (IPSN/DERS/SES). The Department
of Technology (DTech), which is part of the Institute for Industrial
Research and Devolpment (CEA/IRDI) supplied data for PHEBUS material
properties and post jrradiation examination.

After recall of experimental conditions and specifications of the
problem, posttest calculations are compared to experimental results.
Ten organisations participated in the exercise. Different boundary
conditions were used to compute the transient behavior of a reduced
length nuclear fuel bundle submitted to a high temperature transient
obtained under large break loss of coolant conditions.

Predictions concerning rupture time and strains are in reasonnable
agreement with experimental results. Influence of transient temperature
kinetics, rod cooling and material creep properties have been stressed
as the main parameters for determining the rupture conditions. Because
of the small rupture strain, Jittle mechanical interacfion between
pins was observed. This exercise gave the opportunity to improve
fast transient behavior representation, but participants recommend
to run further exercices to cover a wider field of conditions for
fuel deformation and rupture.
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1 - INTRODUCTION

In the field of PWR fuel behavior under accident conditions, the
standard problem 19 is the second one. The first one, named ISP 14,
was devoted to the prediction and analysis of a non-nuciear fuel bundle
which underwent cladding rupture under beginning of reflood conditions
for heat transfer. Among the conclusions of this exercise, experts
advised to proceed with additionnal standard problems in the field
of fuel behavior.

PHEBUS tests were presented as potential standard problem by june
84, and the main conclusion of the expert meeting in december 84,
was to advise the PHEBUS 218 test as an open exercise.

With reference to the REBEKA experiment, the characteristics of the
PHEBUS test is to use a bundle of nuclear fuel submitted to a fast
transient corresponding to a possible response to a large break accident
in a pressurised water reactor. Due to these conditions instrumentation
of the test was judged less accurate and not complete enough to allow
for a blind exercise.

Following this point of view, preliminary specifications were sent
to potential participants by may 1985, in order to discuss them at
the workshop meet1ng which took place on the 20 and 21st of june 85.
Complementary specifications were sent in july 85 and results were
received at fall of 85. A preliminary comparison report was distributed
to participants in april 86 to prepare the final meeting for this
ISP which took place by the end of may 1986. The present report includes
the discussion, conclusions and recommendations resulting from this
meeting.




2 - EXPERIMENTAL CONDITIONS

2.1 - Experimental set up at steady state

The PHEBUS experimental set up in phase 2 of the programm may be
represented by the scheme of figure 1 which shows it's main
components.

The test train /1/ is dipped into a pressurized circuit which
contains 220 liters of water. The cold leg of the circuit passes
first through the blowdown tank /2/ before going down to the foot
of the test train. The flow crosses vertically upward the driver
core which has an independant non pressurized cooling circuit. The
hot leg also goes through the blowdown tank before entering the
pump /4/. Part of the fluid flows then through the heaters before
turning back to the cold leg. The other part of the fluid is cooled
through the heat exchanger and is partially reinjected in the main
pipe before the pump ; the rest of it is sent through a valve /5/to
cool the pressure shroud which is heated by gamma rays at the level
of the driver core. The injection circuits contain water which
is pressurized between the valves /7/ and their injection point
in the main flow. '

Figure 2 displays some details of the bundle stringer and the overall
design of the fuel rods. '

Figure 3 shows a cross section of the bundle used in PHEBUS experiment
218 on which numbering, enrichment and pressure at 20°C are
indicated.

Table 1 gives geometrical characteristics for the pins to be computed
and table 2 summarizes the loop conditions as retrieved from the
problem specifications.
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2.2 -

2.3 -

Scenario of the experiment

In order not to damage active parts of the circuits like pump
and heaters, blowdown affects a part of the pressurized circuit
only. '

Therefore the beginning of the scenario consists in the isolation
of the part to be depressurized which contains 220 liters of
fluid. At the same time,. power is reduced by control rods '
movement, before the opening of the break valves which connect
both legs with blowdown tank. Refill is initiated at the end
of blowdown before the temperature plateau and nuclear power
is shut down completely just before reflooding.

Details of the scenario are presented on fhe table 3 and 4 as

concerns valves and pumps actuation and figure 4 displays the
driver core power evolution during the first 50 seconds.

Experimental results

General thermalhydraulics behavior of the PHEBUS loop is given
by pressure evolutions (fig. 5) and volumetric flow rates near
the breaks (fig. 6). Thermalhydraulics at the bottom of the
bundle is given through a volumetric flow rate (fig. 7) and
the dynamic pressure as measured by a drag body (fig. 8).

Unfortunately, this last instrumentation allows to derive
information on mass flow rate, only at the very beginning of
the transient (Fig. 9). In fact the drag body signal is divided
by a factor of 1000 because density decreases with a factor
of 10 like fluid velocity in 2 seconds at the bundle level.
This early change of fluid density has an effect on neutronic

_coupling between the driver core and the bundie (Fig. 10).

Therefore the power delivered in the bundle was measured through
5 fission chambers located in the bundle clamping system. The
evolution in - the driver core power history 1is obtained by
scheduled control rod movement. The control rod movement induces
also some change in axial power distribution (fig. 12) whereas
it may be considered that power distribution among the pins

(Fig. 13) is not changed during the transient.




Additionnal information on the bundle thermalhydraulics may
be obtained through fluid (fig. 14) and casing (fig. 15)
temperatures around the bundle.

As concerns the bundle instrumentation, figure 16 shows which
thermocouples delivered reliable signals during the transient.
Numerous pin plenum thermocouples were used (fig. 17 and 18)
in order to derive pin rupture times (fig. 19). A general trend
for pin temperatures is shown on figure 20. Detailed measurements
will be presented later when compared with participant
computations.

It may be noticed that pins placed at the center of the bundle
experienced rupture at the first temperature peak at 1lés
(o= 0.5s) for those which were jnstrumented (5/7 + 2 non
pressurized).

Pins of the outer row ruptured later, except 2 which burst at
the first peak (23,4s,0 = 3.16s).

Rupture strainamong the 7 central pins is 17,7 % (0= 6 %),
whereas it reaches 24,6 % ( 0= 6,8 %) for the outer row.

The standard deviation for the central pin rupture times is
Jow. Therefore, a good computation should predict first peak
ruptures for central pins, but could also predict some for the
outer row at the same time. It may be noticed that a first peak
rupture is associated with a lower mean hoop strain.




3 - SPECIFICATIONS OF THE EXERCISE

3.1 - Summary description

The specifications of the exercise were made up of five
documents :

- The 218 PHEBUS experiment was reported in reference
1 together with instrumentation characteristics and
calibration procedure.

- The thermal and mechanical properties of the materials
were gathered in reference 2 concerning the PHEBUS bundle.

- Special tests were conducted in order to derive the
creep properties of the PHEBUS cladding. Participants
were provided with the complete set of results, so as
to derive their own representation for the material
creep. A set of coefficients was also proposed to describe
the creep with arrhenius type laws (ref. 3).

- The P.I.E. preliminary results were provided, showing
the location.of the bursts and the strain of the pins
(ref. 4) at several levels.

- The Parameters that were requested to be computed (ref. 5)

. focused on thermomechanical behavior of the pins, to
be described as a function of their position in the
bundle.




Taking into account the levels for which thermal measurements were available
(see fig. 16), the participants were requested to compute the
thermomechanical behavior of fuel rods at corresponding levels (see fig. 21)
plus level of rupture :

- Fuel cladding temperature for rod 8 (non pressurised).

- Fuel cladding temperature for rod 12 (which may be considered equivalent
to rod 14 and 18).

- Fuel centerline temperature for rod 8.

- Fuel centerline temperature for rod 12 (14, 18).

- Fuel cladding temperature for rod 3.

- Internal gas pressure within rods 12 and 3.

- Engineering hoop strain for rods 12 and 3.

- Rupture time and rupture strain at level of rupture for rods 12 and 3.

- Engineering axial strains for levels at which it was found to be non
negligible.

Cladding temperature histories might be considered as parameters to be
checked for participants who used them as boundary conditions, whereas
they had to be computed for participants using other boundary conditions.




3.2 - Comments on the specifications

The boundary conditions which could be taken for computing
the fuel behavior might be classified according to the increasing

complexity required from the computer code :

BICQl -

B.C.2 -

B.c'3 -

B.C.4 -

Cladding temperature plus internal pressure. In
that case, the validity of creep law and rupture
criterion of the tool is directly tested.

For this option, the experimental data could be
retrieved from a tape provided to each participant.

Power plus heat transfer coefficients. In that
case, the additionnal feature of the code which
are tested are the gap conductance model (compared
to the FRAPT4 one) and the pin pressure model

Power plus fluid characteristics at the bundle
inlet. Here the complete representation of
thermalhydraulics coupled 1o thermomechanics is

tested. The data set needed to be elaborated by

the participant on the basis of the experimental
report.

Scenario of the PHEBUS blowdown experiment.

The additionnal difficulty is the thermalhydraulic
computation of the complete circuit. This set
of boundary conditions was not advised to
participants, because preliminary computations

showed that it was very difficult to predict

accurate enough cladding temperatures, for making
a relevant fuel behavior exercise.

The participants are gathered in this comparison report, according to

the boundary conditions

they took, which are marked by B.C.1 to B.C.4.




- 10 -

4 - SUBMITTED CALCULATIONS

Table 5 compiles the 1list of institutions which participated in the ISP 19,
together with the name of the computer code which was used for the analysis.
A summary of the conditions used in the computations is presented in table
6 for thermal options, table 7 for mechanics and table 8 for boundary
conditions. It seems useful however to add some comments in order to better
describe the particularities of each computation.

PARTICIPANT A

The TESPA code considers each axial level independently with a~possibi11ty
of azimuthal temperature variation induced by fuel eccentricity (ref. 6).
This possibility is not used in the computation, therefore burst strains
are maximized.

The burst.criterion is based on a life fraction rule (ref. 7), which is
not the case for the other computer codes with two dimensionnal mechanics.

PARTICIPANT B .

The BALO-2A computer code used is based on the FRAPT6 BALON module

completed by a simplified fuel thermal model devoted mainly to calculating
the internal pressure of a pin. Because of negative values in the supplied
data for heat transfer coefficient, thermalhydraulic precomputation were

done with RELAP in order to get positive heat transfer coefficients and
compute a fuel surface temperature which is used by BALO 2A.

PARTICIPANT C

The swedish version of the Toodee 2 code was used ; this version includes
a steady state and some modification for the heat transfer correlation.
The mechanics is similar to the one of FRAP. Rupture strain is correlated
to pin pressure drop at rupture (see table 9). DNB time was entered as
input data. Boundary conditions for the fluid are described on fig. 22.
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PARTICIPANT D (réf. 9)

The CANSWELL 2 deformation model of MABEL 2D (Ref. 10) was adapted to
this exercise By implementing the Sills and Holt's phase change model.
It is worthwile mentionning that a variable number of azimuthal meshes
was used depending on the elevation with a refined meshing at the hot
levels.

Heat transfer coefficient supplied set was modified in order to have a
different fluid temperature reference during heat up of the cladding and
homogeneized coefficients in the axial direction. Plenum temperatures
were set equal to temperature at cladding ends.

PARTICIPANT E

As for participant A, the calculation considers a ring of cladding submitted
to a transient defined in terms of mean temperature and stress. Coolant
temperature is considered to be the mean between bundie inlet and outlet
temperatures. An inverse computation was run in order to derive the mean
value of the heat transfer coefficient, which was smoothed to a zero value
during 9,45 seconds after DNB. The work performed is essentially a
sensitivity study of the material creep law and of the effect of fuel
eccentricity on azimuthal temperature distribution, burst time and strain.
Table 10 summarizes the results obtained for burst strains and burst times
for a pin representative of a central one in the bundle with no phase
transformation delay in the @ + 3 region, while table 11 shows the effect
of phase transformation on the results. Moreover, the way to represent
the mixed phase creep (fig. 23) has an influence on burst strain (fig. 24).
Figure 25 shows a typical evolution of diametral clad AT due to pellet
eccentricity.

PARTICIPANT F

FRAPT6 computer code (ref. 12) was used together with supplied heat transfer
coefficient package. MATPRO was changed in order to includ the recommended
thermal properties data. The axial power profile is slightly different
from the one used in the specification for deriving the heat transfer
coefficient package (fig. 26). Moreover centerhole is represented in the
radial power distribution but fuel is present at the centerline for the
heat conduction.
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PARTICIPANT &

Also used FRAPT6 but with the complete MATPRO Library. Boundary conditions
are not exactly similar to those used in the preceeding computation.

PARTICIPANT H

The same type of boundary conditions as the one of FRAP users, was applied
to a CATHACOMB computation.

The CATHACOMB computation is such that axial power profile may change

during the computation and plenum temperature is set equé] to fluid
temperature at the ends of the bundle.

PARTICIPANT I

The french version of the FRETA (ref.14) code allows to compute a 25 rod
bundle with 10 axial levels and four azimuthal sectors per pin. Material
properties are issued from advised ones, and boundary conditions (fig. 27)
are deduced from experimental data. Single pin computations were run to
adjust the boundary conditions for bundle computations. Bundle computations
are summarized on table 12 as concerns temperatures and figure 28 displays
rupture times. Bundle cross sections (fig. 29 to 32) display temperature
maps and deformation states for two representative times in the experiment.
The sensitivity computation withh slightly different power history gives
better results than the one with nominal values.

PARTICIPANT J

FRAP T6 is used with some different options compared to other users.
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5 - COMPARISONS BETWEEN CALCULATIONS AND EXPERIMENT

‘The number of participants is such that it would be confusing to display
all the results plus experiment on a single graph for a given physical
parameter. It was chosen to represent the results which could be
comparable on the same diagramm, i.e. results obtained with similar
boundary conditions. Therefore, results of participants F, G, H and
J are displayed on the same figures because all four describe boundary
conditions in terms of heat transfert coefficients and saturation for
fluid temperature. Results of the other participants are gathered on
another set of figures, but their boundary conditions are not comparable.

In most of the cases computations are compared with available data
on the same pin ; for some other cases, experimental values are taken

from neighouring pins.

5.1 - Thermal behavior of the pins

-

The display of cladding temperatures is presented on figures 33
through 49, and the centerline temperatures are shown on figures
49 through 62. Times representative for the mechanics were chosen
in order to quantitatively summarize the comparison of data with
computations (see tables 13 to 16). The main features deduced
from this comparison work are as follows :

- The coincidence of the computed results with the experiment
reaches its best level at about 14 seconds, which is the most
sensitive time for the thermomechanics.

The spread on cladding temperature is 100°C at this time, except
for the non pressurized pin (pin 8) for which it reaches 200°C.

- The spread seems to be independant from the code and from the
boundary conditions type. It seems to be more connected with the
initial centerline temperature inaccuracies, hence with the
relocation option and fuel conductivity representation.
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5.2 - Thermomechanics of the pins

The internal pressure evolutions are displayed on the figure 63
to 66. It may be noticed that these evolutions are very similar
for the pafticipants F, G, H and I ; this behavior is due to the
fact that the plenum temperature may be imposed through the boundary
conditions type 2. On the contrary, in the case of boundary
conditions type 3 (participant C and I), the fluid temperature
is a result of the computation and it has a shaky behavior, because
the fluid is alternatively at saturation temperature or in dry
vapor phase. This results in a shaky behavior of the plenum
temperature and hence, of the internal pin pressure (see Fig.
64 and 66).

The computed hoop strains are compared with measured final
deformation on figures 67 to 72. In order to explain the observed
differences for the strain histories, the computations were compared
at significant times (see tables 17 and 18) for stress and
temperature.

It results from this analysis that the hoop stresses computed
for the pin 3 at significant times presents a 40 % variation,
which may induce a factor of 7 on the creep velocities, if the
cladding were at the same temperature. For the central pin numbered
12, the 20 % differences in stress would give way to a factor
of 3 on the creep rates. These numbers may seem rather large,
but if compared with the creep rate variation that could be induced
by temperature inaccuracies, they are of second order. In fact
100°C can change the creep velocity with a factor of 22 around
the considered level of temperature. It 1is therefore coherent
to find very different creep rates in the computations because
they may be explained with stress and temperature effects only.

It has to be noticed that the strains at rupture are much better
appreciated than the strain rates. This is due to the rupture
criteria which provokes earlier ruptures for faster deforming
pins.
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Under the hypothesis that the pins of tﬁe same row behave in similar
way then table 19 shows that rupture times and rupture strains
are not so far from the experimental values, although some computed
results cannot be considered as within the experimental scatter
band.

Conservative computations like A and C overpredict the strains
for booth pins, which looks reasonable.

Participants H and J predicted early ruptures for the peripheral
pin, and it resulted in an under prediction of the rupture strains.
The different FRAP users, implemented different creep relations
for the cladding material, but had the same rupture criterion.
It resulted in the early rupture time computations which seem
therefore to be connected with the rupture criterion.
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6 - DISCUSSION OF THE ISP RESULTS

The items to be considered in the discussion of the ISP should consist
mainly in the analysis of the different physical models and numerical
methods.

However, it was found that the quality of the results may have been
strongly influenced by the specification quality or the user effect.
These human factors must also be considered, if it is desired to evaluate
the capacity to predict a real plant situation by a skilled user.

Further analysis of the experiment and of its specification were
performed after the delivery of the final specifications to the
participants. This increases the jncertainty due to the specifier which
will be emphasized through the first paragraph of the discussion, before
analysing other physical uncertainties due to fuel fabrication. The
rest of the discussion will deal with the models.

6.1 - Specifier effect

6.1.1 - Power history

The fission chambers which are placed very near from the
pins may be considered as delivering a signal which is
proportionnal to the neutron flux in the pins. However, minor
heat sources like delayed or prompt gamma heating due to
the driver core activity cannot be measured with the fission
chambers, and were not appreciated by the time of
specifications. These corrections were evaluated through
neutronic and gamma ray transport calculations, and leaded
to the power history correction presented on figure 73.

This correction has no effect on computations with boundary
conditions type 1 or 2, but a different result should be
expected with type 3. A sensitivity study performed with
the FRETA code showed that the results computed with B.C.
type 3 should be increased by around 60°C for the fuel
centerline temperature at 14 s, and 45°C on the cladding
at the same time.
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6.1.2 - Power distribution amoung the pins

For the same reason as befor, no correction on computation
with B.C. type 1 or 2, should be applied in case of correction
on the radial power distribution.

Further analysis of the test showed that the power distribution
obtained through the PIE could be improved with the data
presented on figure 74. ‘

6.1.3 - Axjal power distribution

An error was found in the input data deck (see fig. 26) used
for deriving the heat transfer coefficients sets. Therefore,
computations with B.C. type 2 should have been performed
with 3 % less power at the hot level.

As concern the computation with B.C.3, no correction has
to be applied, but it 1is worth mentionning that the
participants should have used a changing axial power profile
during the transient.

6.1.4 - Summary of power corrections

Gathering the different effects on the computations, the
following corrections have to be applied :

On B.C.1 type computation :
no correction

On B.C.2 type computation
for pin 3 : no correction
for pin 8 : correction correspondig to -3 % power
for pin 12: correction corresponding to +6 % power

On B.C.3 type computation
A mean positive shift of 45 % 15°C should be applied
on the cladding temperature at 14 seconds.
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The power corrections may give way to shifts of
temperature of less than 60°C at 14 seconds and improve
the results for some computations but damage the quality
of the results in other cases. In any case, these
corrections don't reduce the spread of results, so that
the overall quality of the results is kept.

6.1.5 - Accuracy of the cladding temperature measurements

It is well known that the thermocouples fixed on the cladding
induce a fin effect which amount depends on the flow regime
and the geometry of the transducers (see fig. 75). A detailed
two dimensionnal calculation on the pin plus thermocouple
transient behavior was performed (see fig. 76 and 77). The
figure 78 shows that the measurement underestimates . the
cladding temperature by around 20°C at 14 s. This amount
is not very large because the thermocouple is flattened to

0,4 mm thickness, laser welded on the cladding and the heat

transfer coefficient is low after DNB in the case of this
test.

6.2 - Thermal computations

The thermal computation of the pin may be influenced by several
parameters of the modeling. Fabrication procedure may also create
a scatter of measurements through the effect of geometrical
characteristics.

6.2.1 - Effect of geometry on thermal behavior

Several sensitivity studies were performed in order to show
the effect of geometrical uncertainties on the temperature.
Most of them, like pellet dishes depth, cladding thickness,
or plenum volume were found to have little effect, but the
scatter on initial gap thickness was found to be a sensitive
parameter (fig. 80). This results in an uncertainty of % 75°C
on fuel centerline temperature at steady state. A scatler
band of =+ 30°C on the cladding temperature may be expected
at first peak.

‘e
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6.2.2 - Fuel relocation option

The virgin fuel used in the Phebus tests was found to undergo
radial cracks when submitted to a linear power density higher
than 200 W/cm.

This behavior is thought to reduce the gap width but not
the conductivity of the fuel. A sensitivity study performed
with the Cupidon code showed that a systematic reduction
of the gap of 7 um (half the fabrication spread) was usefull
to get the correct fuel centerline temperature (see table
20 an fig. 81) at steady state.

The relocation of this kind vanishes when the temperature
gradient disappears inside the fuel, but it acts through
the stored heat. Figures 53 and 37 show that a 220°C difference
on the initial fuel centerline temperature, may induce 2
difference of around 50°C in cladding temperature evaluation
at the first peak.

This shows the importance of a good choice for the relocation
option in the models.

6.2.3. - Gap conductance

The comparison of the computations done on the non pressurized
pins (fig. 37 to 40 and 53 to 56) with the pressurized one,
shows a better quality in favour of the pressurized ones.
This difference is due to the fact that non pressurized gaps
were less investigated, and correspond to smaller gaps for
wich the phenomenology is more complicated. .
Recent studies (fig. 82) show that the gap conductance depends
on pressure, for small gaps at low pressure. Beyond 5 bars
initial pressure (15 bars at steady state), the gap conductance
is independent from pressure. The effect of gap conductance
on temperatures was not evaluated.

6.2.4 - Discussion of boundary conditions type effect

- B.C. type 1 would be perfect to validate fuel behavior
codes if two-conditons were realized :
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- higt number of temperature measurement points
- no perturbation due to instrumentation.

This kind of B.C. is used in analytical tests to derive the
creep properties of the cladding material.

- B.C. type 2 was much discussed when specifiing the ISP.
It was first recommanded to derive the heat transfer
coefficients from non pressurized pins placed in the bundie.
The drawbacks of this choice mainly consist in bad gap
conductance evaluation and may be a thermalhydraulic behavior
not similar to the one of deforming pins.

On the other hand, heat transfer coefficients derived from
instrumented pressurized pins are dependant from the mechanical
behavior models of the code, specially at the time of fuel
deformation. However, the deformation of the pins occured
in this test, in a very short time before rupture, so that
the heat transfer coefficients derived were affected by code
mechanics quality only on a short period.

It is suggested that intermediate pressure pins would minimize
the different kinds of drawbacks (Pj > 5 bars).

- B.C. type 3, appears to lead to cladding temperature
evaluations as accurate as with B.C. type 2 in that exercise.
A drawback is that this type of B.C. is not so easily
elaborated, because fluid measurements are difficult in a
nuclear environment.

Moreover, this kind of B.C. requires a good thermalhydraulics
modelization in the code : for example, fluid temperature
at the top of the bundle, influences very much the internal
pin pressure computation.

However, it allows having an independant evaluation of the
bundle temperature map which is usefull for 2D codes like
MABEL or FRETA.
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6.3 - Thermomechanics of the bundle

The main objectives of this exercise were to evaluate the
predictability of rupture times and strainms. In that prospect,
the discussion has to involve different jtems like the effect
of geometrical specifications, creep behavior representation,
temperature map and rupture criterion.

6.3.1 - Effect of geometrical uncertainties

-

The geometrical uncertainties which can modify the
thermomechanical behavior are those which affect the internal
pin pressure, hence internal volume. Fig. 83 to 85 display
the results of a sensitivity study performed with Cupidon
code. The gap thickness, dishes volume and plenum volume
are shown to have some effect at the beginning of the transient
but ‘a vanishing one with time and no effect on rupture time
in the case of first peak (with FRAP code). Moreover, it
has to be recalled that variations taken for these values
are far beyond reality because for example, it is considered
that all the pellets are at the extreme gepmetrica1
characteristics, which could be realistic if their were only
one pellet pin instead of around 75. Therefore it may be
considered that geometrical uncertainties have no effect
on internal pressure.

6.3.2 - Material creep law

A large variety of creep laws were used by the participants,
either because it was not possible to implement the recommended
experiment based relations, either because the participants
wished to validate their own model. Moreover, it would have
been necessary to use the same temperature-stress history,
if it was needed to compare these laws, despite the lack
of strain history measurements.




-
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However a sensitivity study was performed by particpan E,
by using the SWEM code (see tables 10, 11 and fig. 23 to
25) with different material models on the 218 Phebus test
stress-temperature transient.

The main results of the discussion in this field are :

- for this kind of fast temperature transient, it is
necessary to take the phase change kinetics into account.
- it is mentionned that the experimental domain on wich
the proposed correlation is based, is not large enough
in the direction of large stress and fast transients.

6.3.3 - Rupture criterion

Different kinds of rupture criteria are implemented in the
codes.

For 1D codes, the most frequent one is a relation between
hoop stress and temperature.

For the 2D codes, the rupture criterion is usualy a local
strain one. A potential physical basis for this kind of
criterion is the maximum mean strain envelope obtained in
creep tests.

It was not discussed furthermore during this exercise.

6.3.4. - Azimuthal temperature distribution

The azimuthal temperature distribution is usually considered
as an important parameter to influence the rupture strain.
Experimental values of this azimuthal temperature map were
obtained on pin 3 (50°C) and pin 14 (25°C) around the rupture
times but they are not reliable because of the thermocouple
fin effect and because of the azimuthal location of these
thermocouples. The cladding temperature map is a balance
B of internal heat source distribution and external heat sinks.

In the MABEL computations internal sources for azimuthal

 temperature map are considered (pellet eccentricity). They
give way to maximum azimuthal temperature differences of
the order of 10 to 20°K during the deformation of the pin.
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In the FRETA computation, the azimuthal temperature
distribution is due to the radiative heat transfer between
the pins and the shroud. In that case the maximum azimuthal
temperature difference ranges around 5°C for central pins
and 10 degrees for peripheral ones.

These two evaluations are coherent with the experimental
data. They may be combined in case of "hot side straight"
effect.

For this specific test, it does not seem that there is any
bowing of the pins, hence no hot side straight effect. So
is it difficult to assess the importance of the azimuthal
temperature differences in this rapid transient.

6.4 - Oxidation computations

Two participants performed also an evaluation of their oxidation
models on this kind of transient. Table 21 shows a summary of
the computations of the final thickness of the different layers
compared with P.I.E. results obtained at the same places as
temperature measurements. The quality of the results is quiet
‘satisfactory for both the parabolic correlation (Cathcart) and
the diffusion computation.

Some inaccuracy is noticable on the thickness of the retained
alpha layer. ’
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7 - CONCLUSIONS AND RECOMMENDATIONS

7.1 - Therha] aspects

The main physical factors wich influence the thermal computations
are the fuel conductivity, the relocation of the fuel, and the
initial gap width evaluation.

A representative number for the computation of the cladding
temperature at a sensible time (14 sec) is + 50°C. Part of this
scatter is covered by the geometrical uncertainties of the pins
in the experiment.

From another point of .view, such a scatter may be obtained also
through the user effect only.

When describing the boundary conditions in terms of heat transfer
coefficients between cladding and fluid (B.C.2), both low and
high pressure pins present drawbacks, either due to the gap
conductance model, either to the mechanics. The choice of medium
range pressurized pins would exhibit a minimum of drawbacks in
this kind of exercise.

On the other hand, boundary conditions in terms of fluid mass
flow rate and enthalpy at the inlet of the bundle (B.C.3) deliver
the same quality as B.C.2 for cladding température. but require
a good fluid temperature evaluation to correctly compute the plenum
temperatures and hence the internal pressure of the pins.

In any case, the participants recommend to avoid the boundary
condition type 2 in this kind of fuel behavior exercise.

7.2 - Thermomechanics

The results for the time, elevation and strain at rupture are
acceptable but differences with respect to the experimental values
show that the discrepancies have not to be considered as random
errors. The temperature predictions are -not accurate enough to
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allow for a detailed comparison of the different modelization
of the thermomechanics. In particular, the plenum temperatures
computed withk B.C. type 3 are not good enough to permit a correct
internal pin pressure computation.

In this exercise, the azimuthal temperature distribution on the
cladding appear to be low and have a reduced influence on cladding
rupture conditions ; the rapidity of the transient 1is shown to
be a dominant parameter for the rupture conditions in that case.

It was demonstrated that phase change kinetics has to be taken
into account for such rapid transients.

One dimensional and two dimensional cemputations use different
rupture criteria for wich the physical ground has to be furthermore
established.

With comparison to the ISP 14, calculation results on
thermomechanics appear to be more accurate, but the exercise was
run as open and the physical conditions for cladding ruptures
were in a less sensitive zone for the strain than for the other
ISP on fuel behavior. ’

The participants to the ISP recommend to run other exercises with
fuel in more sensitive conditions with respect to azimuthal
temperature distribution and thermal transient.
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TABLE 1
GEOMETRICAL CHARACTERISTICS OF 218 EXP, PINS
AT 283°%

NUMBER OF PIN 8 12 14 18 3
gas volume in pin 2574 2560 2573 2560 2268
upper plenum
Upper plenum - 50 50,2 50,5 50,5 50
length mm
Cladding int. 8,355%0,005 | g,3g570,005| g,36%0,005 | 8,380,003 g35£%0,005
djameter mm .
Cladding ext. 9,57%0,01 g,57-0,01 g,57-0,01 9,58%0,01 g,58-0,01
diameter om .

- -+
Cladding thickness | 0,62°0-01 0,6:%0,01 0,62-9,01 0,62°0,01 0,5:-0,01

Pin lower plenum gas volume is : 703 mm3

Volume of the springs is : 565 3

Wire of the spring is 1.2 mm diametar coiled on 7,5 external diametar (25 coils)
Pellets diameter : 8,191 0,012 mm

Dishes volume : 1.35%0,75 % of UO2 volume

Shoulder radious : 320,2 mm

Diameter of central hole : 1,4 mm (for centerline temperature instrumentad pins only)

Cladding roughness : 0,5.m
Fuel roughness : 0,7um
Pitch of the bundle : 12.6 mm




CHARACTERISTICS OF THE STEADY-STATE

LEVEL OF WATER

PARAMETERS Realized VALUES
cold leg 157.2 bars
PRESSURE A
hot leg 154.7 bars
cold leg 9.88 kg/s
MASS FLOW RATE : hot leg 10.38 . kg/s
CdPT % 0.45 kg/s
Bundle Power SBD kw
POMER Linear Power 44 kw.ml
[hot nuclear] ’
Driver nuclear Core Power 33.75 Mw
Inlet Fluid 318° €
TEMPERATURE
Qutlet Fluid 328.5° C
TEMPERATURE 115° €
BLOW DOWN TANK PRESSURE 2.22 bars
CONDITIONS §20 dm®

x Cooling water of the pressure tube

Table 2




CHARACTERISTICS OF THE TRANSIENT

BLOW DOWR PARAMETERS :

. BREAX SIZE Hot leg 231 mnd
Cold leg 301 mm?

Ratio [%g_lE] : 1.3
. REFILL AND REFLOODING
INJECTION LINE : IN COLD LES (VAEP 24)
MASS FLOW RATE :-480 dm3.h-l
[0.13 - kg/s]
INJECTION FLUID TEMPERATURE :~30° C

BLOW DOWN SCENARIO :

. VAEP 16 VALVE CLOSING : -1.2s
[to stop the cooling of the pressure tube]

. Beginning of the control : - 0.68 s
rods programmed movement

. First nuclear power reduction : -0.49 s

. Beginning of the isolation of the in-pile part : = 0.37 s
of the loop [VAEP 02/04]

. Cold leg break valve opening : 0s
(VAEP 05S) - .

. Hot leg break valve opening @ 4+ 0.58 s
(VAEP 01)

Table 3




Closing of the by-pass betweesn

she two break (VAEP 14)

Full opening of the hot leg break :

Second nuclear power reduction :

Third.nuclear power reduction :

First refill

Second refill

Third refill

Fourth refill

Annulation of the residual
nuclear power

Ref1ooding

Table 4

« 0.658 s

+12.0s

4 12.9 s

4 28.55

up 32 s t072s

up 96 s to 242 s

up 290 s to 310 s

up 362 s to 382 s

487 s -

508 s
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. fumber of
Radial Axial Qap Fual Azizuthal Plesus : 1demeiti
Peshing Heshing Model propersies Peshing Model In":::lé:ain &
1 1 0 ? s 0 1 N
no 16 yes E.a.8 no 2 plemum B! 8
HATPRO Yseste
7 10 GAPCON GONWAY for no 1 plenum 2 [
expansion Bt Triuid+A
LYONS
7 nodes 10 344m rdial UXAEA 4 nodes =cladding mean o]
relocation except there temp. channel
couple for 33
arrey
2 1 yes 0 1 E
s ?
10 10 Fuel PHE3US no 2 1 F
relocation
FRACAS II
and I
10 FRACAS 1 MATPRO 11 no 2 1 6
nu relocation fev. .2
10 R znd S CZA no 2 1 H
4 10 Rand § CZA 3 2 25 1
11 10 no relocation | MATPRO 11 no 2 1 J
rev 2

Table & : Opticns for fuel therma) cmputations.

»-




utha) Nuzber of Cladding Cladding
Azi r
|« Meshing interacting | - CTESP Rapture Remrts
: pins properties Criterion
Yes 1 PRS oB = f {T.ax) No eccemtricity
PNS Mz, deformation
local stress
Ro 1 EGS B = (T With eccentricity
MATFRO 11 mean StTESS extented baion 2
i AP = £(Tc)
No. 1 - . Conservative computation
0. .2exp( .-0153(1’, T Nureg 0530
.48 nodes ax3y PHEBUS for & Strzin fractim H'l’- eccentricity
cznswell fgrg’ rule Mini. mupture strain
phese change lozal strain
as 1 PHERUS for o €= 250 < [Ezcentricity.and cladding
sensitivity on tickmess
mixed phese arizmuthal variation
Rosinger for R, Press
Yes 1 CEA ah >/€f (T) No eccentricity
balen 2
Yes 1 MATPRO A ;,6- m No eccentricity
balen 2
B_.E computation
Ko 1 CEA ' ,h>,(r mn . ]
20 s CEA €l wef(T) No eccentricity
No 1 MATPROD on> &r (T FRACAS 1 + Belon 2
modi fied 8. E

Table 7

: Options for wmechanical cooputations.
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ETc 3 " " 8
set 4 12

3.C.1 3.c.2 3.C.3
£ladding tesp. Fluid Te=p. Inlez fluid Remzrks Tdenrifier
+ H.I.C . Condizions
Tach Level Internal pressure A
Used in RELAPG | Couplinmg of two 3
MOD6 to dervive | ccxmputations
E.T.C.
Qualicy, flow ¢
rate and texpe~
Tatuce
B_ase'd on supplied D
daga, modified for
vaper, axial
average
Yes lacerzal pressuTe z
Suppliéd data 2T C b3
Se:z 5 and 1
ZTC set 1 and 3 Modif. for rod 3
modified ¢
P B
IS 3 o8 -
Znchalpy and I
mass flow race
From exp.
anilysis
S for rods 3 J

Table 8 : Boundary conditioms




Pressure difference
acroas cladding
(Ps1D)

Radial expansion (2)

91
100
110
120
137
170
200
241
265
400
600
800

1000
1200
1400
1600
1800
2000
2200
2400
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Table 9§ : TOO DEE-2 Straim at rupture
(participant C)
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PWR/R995/15
Issus A

Caleulated Burst Tizmes and 3urst Steaias

(vith mo phase trzusicrmaticn delay)

No Iafzial 12 Indizdal
Wall Thickness Wall Thickness
Variacion Variazica
Alpha + 3eta Tuel Pellec
reep Assumed Eccantzicicy
. Burss | 3usst Burst Burst
Stzain| Time Strain| Tinme
2 f sac., 2 sec.
Iacarpolaced 0.1 101.7 | 12.15 §5.3 | 12.15
0.3 63.2 | 12.15 62.8 12.15
0.3 55.1 12.15 52.0 12.15
1.0 4.1 | 12.0S 38.8 12.05
SRMA c.l 148.6 | 17.95 123.5 17.85
0.3 109.3 | 17.70 99.1 17.50
0.5 88.8 17.30 84 .4 17.05
1.0 78.4 | 16.35 80.3 16.00
SRMA 0.l 95.4 12.80 g88.l 12.80
(Modified) 0.3 60.3 12.75 58.2 12.75
0.3 47.5 12.70 48.4 12.70
1.0 3.0 12.55 33.5 12.55
Derived from 0.1 22.9 12.15 22.2 } .12.15
BNL Daca 0.3 17.6 12.10 17.1 12.10
0.5 14.9 12.05 14.7 12.00
1.0 12.6 11.90 12.3 11.90
Alpha cTeep 0.5 47.7 14,05
extrapolaced
Alpha cTesp 0.5 46.8 14,50
extrapelated x 0.92

Table 10 : Participant I results




PWR/R995/17

Issue A

Comparison of Calculated Burst Strains

with and without Phase Transformation Delay

(Fuel pellet eccentricity 0.5 and initial wall

thickness variation =1 %)

Without Phase With Phase
Transformation Transformation
Delay Delay
Alpha + Beta
Creep
Assumed Burst Burst Burst Burst k
Strain Time Strain Time sec-l
% sec. % sec. (See Eq. (3)]
Interpolated 52.0 12,1 55.8 14,5 0.245
SRMA (Mod. ) 46.4 12,7 52.0 14,5 0.657
From BNL Data 14,7 12,0 30.2 14,5 0.25

Table 11 : Participant E results

S5
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COMPUTATION WTTH COMPUTATION NITH
EXPERIMEXT °C THE SPECIFIED BETTER ESTIMATE
RESIDUAL POMER RESIDUAL POWER
< <
Fuel centerline temperature
TCS4-CR14  -7620 :
Tize 0 s 1549 1881 1581
7.5¢s 880 861 898
14 s 1047 1048 1108
TC 52 - CR S =7330
Time 0 s 1617 1736 1738
7.5 g52 964 1003
14 s 113 1117 1173
TTs51-C0R17 -7500
Time 0 s 1586 1505 1605
7.5 s 320 871 9GS
14 s 1082 1060 uz
Fuel cladding tempersture at
the first peak
T 32-CR 19 -7880 907 918 964
TC 29 - CR 14 -75820 950 916 851
TC 30 - CR 14 -7620 329 913 947
TC 25 - CR 9 -7620 934 924 962
TC 24 - CR 8 -7580 940 995 1057
TC23-CR38 -7580 956 938 1059
TC 20 - CR 7 -7580 956 932 976
TC 19 - CR 18 -7500 §7¢6 915 350
TC 39 -CRY9 -7500 932 817 952
TC 16 - CR 2 -7500 784 831 865
T 15 -CR 3 -7500 854 840 87%
TC 27 - CR 12 -7450 962 884 817
Table]? : Temperature results comparison with experiment for

FRETA bundle computacions.




Level | Participant B.C. Clad Temp. | Initial UO2 | U0z Temp |AT UO2-Clad
Temperature
5 Experiment 850
" B 3, no'rel. 785 1875 975 190
" c 3, no rel. 865 1875 1070 205
" D 2, with rel. 855 1610 945 90
" F 2, with rel. 835 1740 910 75
" G 2, no rel. 890 1715 960 70
" H 2, with rel. 850 1610 935 85
" 1 3, with rel. 865 1615 960 95
" J 2, no rel, 830 1580 895 65
Deviation 105 295 175 140
Level | Participant B.C. Clad Temp Initial U0z {UO2 Temp. |AT UO2-Clad
' Temperature
7 Experiment 865 1585 960 95
" c 3, no rel. 845 1800 1030 185
" D 2, with rel. 830 1545 910 80
" F 2, with rel. 815 1680 890 75
" G 2, no rel. 850 1625 910 60
" H 2, with rel. 835 1595 920 85
" I 3, with rel. 855 1565 935 80
" J 2, no rel, 875 1555 815 40
Deviation 60 255 140 145
Table 13 : Comparison of Fuel thermal conditions at 10 s

Pin 12 Level 5 an 7
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Level | Participant B.C. Clad Temp Initial U0 U0z Temp |AT UD2-Clad
(°¢) Temperature (°¢) (°¢)
(°C)

5 Experiment
" B 3, no rel. 740 1750 900 160
" c 3, no rel. 795 1670 945 150
" D 2, with rel. 775 1450 845 70
" F 2, with rel. 755 i
" G 2, no rel. 750 1455 830 80
" H 2, with rel. 855 1460 900 45
" 1 3, with rel. 770 1340 830 60
" J 2, no rel. 820

Deviation 115 410 115 115

Level |Participant B.C. CLAD Temp. Initial U0z U0z Temp. |AT UO2-Clad

(°¢) Temperature (°c) (°¢)
(°C)

7 Experiment {;ég
" C 3, no rel. 770 1600 910 140
" D 2, with rel, 755 1390 815 60
" F 2, with rel. 703
" G 2, no rel, 725 1390 790 65
" H 2, with rel. 730 1445 725
" I 3, with rel. 755 1300 810 55
" J 2, no rel. 720

Deviation g5 300 185

Table 14 : Comparison of fuel thermal conditons at 10 s
Pin 3 Level S and 7




Level | Participant B.C. Clad Temp. Initial U0z U0z Temp. |AT U02-Clad
(°c) Temperature (°¢) (°c)
(°c)

5 Experiment
" "B 3, no rel. 850 1750 1020 170
" o 3, no rel. 810 1670 1060 250
" D 2, with rel. 850 1450 1005 155
" F 2, with rel. 820
" G 2, no rel. 810 1455 965 155
" H 2, with rel. 905 1460 1090 185
" I 3, with rel. 865 1340 1005 140
" J 2, no rel. 895

Deviation 95 410 125 110

Level |Participant B.C. Clad Temp. Initial V02| o, Temp |AT UO,-Clad

(°¢) Tempgfature %°C) - (°C
(°C)

7 Experiment {;?g

" o 3, no rel. 800 1600 1025 225
" D 2, with rel 835 1390 965 130
" F 2, with rel. 765
" G 2, no rel. 730 1390 900 170
" H 2, with rel. 800 1445 905 105
" I 3, with rel. 855 1300 985 130
" J 2, no rel. 785

Deviation 125 300 125 120

‘ Table 15 : Comparison of Fuel thermal conditions at 18 s

Pin 3 Level 5 and 7

Z
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Level | Participant B.C. Clad Temp. Initial U0 U0z AT U02-Clad
Temperature
5 | Experiment (340 1620 1115 (172
" B 3, no rel. 905 1995 1140 - 235
" c 3, no rel. 1070 1845 1150 80
* D 2, with rel. 965 1595 1050 85
" F 2, with rel. 950 1775 1065 115
" G - 2, no rel. 985 1780 1105 120
" H 2,with rel. 885
" I 3, with rel. 1105 1730 1165 60
" J 2, no rel. 945 1580 1040 95
Deviation 220 415 125 175

Table 16 : Comparison of Fuel thermal conditions at 14 S

Pin 8 Level §




Time | Participant L;u":gu:: Code T(Sgd (% (1 +€)2 (Pgaﬂ:) (1 +(Sa )rZ)Pint
(mm)
14 s | Experiment
" B - 7580 Baloon 840 4 1.0816 | 81 87,6
" c - 7620 Toodee 900 11 1.2121 | 74 91,2
" D - 7580 Mabel 880 2 1.0404 | 86 89,5
" F -7620 Frap T6 810 3 1.0609 { 70 74,3
" G - 7580 Frap T6 885 1 1.0201 | 68 69,4
" H - 7580 Cathacomb 975 3 1.0609 | 32 33,9
! 1 - 7580 Freta 885 1 1.0201 | 95 96,9
" J - 7580 Frap T6 930 g |1.1881| 70 83,2
l
Time |Participant '-;u":gmf’: Code I,E])ad (% (1 +€)2 (P;anrt) (1+ (af)?int
(mm)
18 s Experiment
" B - 7580 Baloon 850 12 | 1.2544 | 81 77,8
" c - 7620 Toodee 840 11 1.2321 | 63 77,6
" D - 7580 Mabel 850 7 1.1448 | 77 88,2
" F - 7620 Frap T6 900 7 1.1449 | 57 65,3
" G - 7580 Frap T6 810 2 1.0404 | 62 64,5
" H - 7580 | Cathacomb| 905 3 1.0609 | 11 11,7
" I - 7580 Freta 865 3 1.0609 | 75 79,6
" J - 7580 Frap T6 895 10 1.2100 | 11 13,3
Table 17 : Thermomechanics of pin 3 at 14 s and 18 s

at level of rupture

vy




Time |Participant |l-evel of Code | T clad (§) (1 +€)2|Pint (1 +€)2pint
Rupture (°c) ® (bar) (bar)
(mm)

12 s Experiment - 7580 915
" B - 7580 Baloon 885 4,5 | 1.092 82 89,5
" c - 7580 Toodee 930 .| 1,5 | 1.03 75 77,2
" D - 7580 Mabel 905 1 1.02 91 92,82
" F - 7620 Frap T6 930 3 1.061 76,5 81,16
" & - 7580 Frap 76 945 7 1.145 76 87
" H - 7480 Cathacomb| 900 1 1.02 80 81,6
! I - 7580 Freta 925
" J - 7500 Frap T6 925 2.5 | 1.05 81,5 85,6

Table 18 : Thermomechanics of pin 12 at 12 s

at level of rupture
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RoD 3 ROD 12
Participants Z
8.CE| Time Level Stfain Time Level Steain
A 24,7 -7500 3s 9,8 -7500 30,6
B 20,22 -7580 32 14,31 -7580 23,6
c 21,6 -7620 57 13,5 -7580 33
D 20,2 -7580 25 13,6 -7580 28
E - - - 14,5 -7580 30.5
F 18,75 -7620 20 12,6 -7620 15
& 21,0 -7580 10,9 12,4 -7580 23,5
H 13,5 -7580 4 12,8 -7480 2
1 24,3 -7580 24 14,1 -7580 25
J 12,34 -7580 9,8 110,95 -7500 17,1
]
n
1
Experimental 23,4s 26,6 % 148 17,7 %
mean value :
Standard o= 2,163 o= 6,8 * o= 0,5s c= 6%
déviation

Table 19 : Ccmparison of exp

vith computations

erimental Tupture condicions.




0z alqel

S282>1>sg' €2
upd (eaaydiasy
S 69°11 s gI'cl S L1°ET S pI'El awyy aanjydny
SPUHI>I> SYET
ujd feajud)
4eq 0°€£01 Jeq 1°/6 deq pG6 Jeq 6°68 Jeq G*/g aanssaad (eusdju} (erLu]
: wn 9°6¢ wn £°Ge wn g'2¢ un ‘g2 (un) 4vo
“ 20 E1 Jo Wbl Jo 281 Jo 6S1 (deab ayy uy) 1y
_ 0067 - 19A31 0 =1V
2861 GIS1 1{2]1 8€ L1 0091 0057 - L1 ¥D) 16 2%
pe9t 2691 v0oL1 86.L1 SE91 086/ - 8 Y ¢S U
9291 €291 691 68L1 G951 0297/ - b1 ¥ +G I
NLVYIdHIL
INTTHIINID TWILIN]
(20) (3.) (2.) () (3.)
2°T =2 + (W)Y (u4bagp)Y ’
p 1deay y uoppdn) y uvopidnj p voppdn)

4z




THERMOCOUPLE NUMBER TC 16 TC 15 TC 59 TC 19
FRAP 18,6 36,1 36,5 55,2
Oxide PRECIP 19,4 37,8 38,2 56,4
thickness CANSWEL 17 35 35 53
(pm) EXPERIMENT 19 35 37 54
Retained FRAP - - ¢ - -
alpha PRECIP 21 52 52 96
thickness CANSHWEL 13 33 32 58
me) EXPERIMENT 23 42 52 47
rquivalent FRAP 2,2 4,2 4,4 6,4
metal PRECIP 2,3 4,4 4,6 6,6
reacted CANSKWEL 2,2 4,9 5,0 7,7
(%) EXPERIMENT 2,2 4,1 4,4 6,3

EQMR : Equivalent metal reacted with regard to

deformation and rupture

Table 21 : Outer surface oxide layer thiknesses

A







49

a)

NivL HOVUOLIS HILVAM LOM

. b

E:'?y SHUOLYINAIIIV Nl
e
50

o=

ALITWVND
ALVHROTS

AUNSSIUd

INNLVHIAHIAL

%

BT R K

seBusydus jue)|

LAARR

(LIl RN

TGO

may) ese

_/

1004
uoi1dvau

Y

o
(=)

'9?21
t

G

T

)

®

L3
-

NO153Q dO01 1831 m:mm__l_n_

@h\

ERIMENTAL SET UP

-
-
-~

PEEBUS

Fig:1




EoRREETOR

, Upper
JINSTRUMERIZTION STALING PISSASE Flug k2
NSLET EMERSENSY BJECTION
Plenim
SUTLET PFRUGLRY WITER
IHETRUMENTSTION PRSSIGE 5 §
[CSOLING VSTER OF PRESSURE TUBE)
Level =
-7180
]
==\
3 \t
Grid
Spacer— | =%
: 1S
Leval =S
-7500 g
. Of o
=
STRINGZR | o] L
-
9
|8
VaEUUM  INSULATION Gnd_:‘ i-ﬂ
Spacer~ [ v
FUEL ROD M"‘.‘Q‘.‘:..: .
et
3]
] <
Leval - :
-7820 :
g
=
S
=
4
TUNGSTEN ALLOY POT
Zircaloy
cILL
Lower Plug

Test Fuel Rod
SCHEME OF THE PHEBUS PIN AND FUEL

BUNDLE STRINGER
Fig:2




Legend :
l1:262
2:352
O: Pressurizad at 3.5 bars

Q) Pressurized at 5 bars © Non pressurized

} Enriciment of ths fu=l peliets

example : « Pin number 3 is enriched to 2,6 £ and is fil17ed with helim at
33.5 bars at 283K

Bundle cross saction seen from above

PHEBUS '218'TEST . PHEBUS BUNDLE 2508 PIN CHARACTERISTICS




52

1939 BliL

m

™~

HM0d 300D UIAIHO

812 3JINIH3JX3

‘o

‘o8

"an

PEZBUS 218 TEST

4

Fig




-

DL ne b b S Bt e G e e s S i e o A o Tt oy = ey A Mt S ey Mt St T B it

juey umopmold

fat joH

‘oot

roct

109
3IUNSSIUd

*002

812 3J0N3THU34X3I

LOOP AND BLOWDOWN TANK PRESSURE

TEST

PHEBUS 218




54

S8 *0B ‘st ‘ot ‘c
J J (298) SMIL

H/EN

‘00t

‘002

83X MOTJ OFIAIDUNTOA |

812 JINAIYALX3

*00€

TRIC FLOW RATZ -

-
13
"a—

G AND COLD LEG VOLUM

ECT 1=

TEST

PEE3US 218

6




|

Time (s8)

20

]
-
]
St
EJ
=}
-
u -
4]
-
=
N
Q™
EZ
=]
L)
=}
>
- !
(=}
e

PHEBUS 2178

TEST

-50}

. VOLUMETRIC FLOW RATE AT FUEL BUNDLE INLET

-100

56




PO . . - e e e mBemar - TEWe  cae e e e e - om—

1uulx|3.1l1||ll“l||]blll]'lIllv‘lll‘itll}l‘llllllll(ﬁ]llillil‘g
. Cl
Q
£
o -y
)
. -8
= -
L -
b -
- _E
L -
- - L
1
- ‘ -
: !
i
— 1 —
mm—" "
)
L2 | -
]
§ ‘
Rt PO [ P P o

!
o~
=

0.6 |-
0.4 |-

=

] S
™~ -

1.'.

PEEBUS 218 TEST : DRAG 30DY SIGNAL AT SUNDLE INLET

L 43




35

Time (a)'

] ] ! |

PEEBUS 218 TEST

DRAG BODY SIGNAL AT BUNDLE INLET

Fig: 9

)




‘.L*""*W**‘*‘**‘“““’wwmmwmMwm

| WNW M

-90

- 85
- 80

- 75

- 70

ll‘liil]l

e (s) , 25

: 'l‘ime’

20
®

-65

~ -

-60
-55

PEEBUS 218 TEST

DOWER RATIO 3ZTWEEN DRIVER

CORE AND 3UNDLE

Fig:1o0




e Bie e v e e e et e mmm el s e - —— e e e emerare e

TIHE (SEC)

L
10.

EXPERIENCE 218

PEEBUS 218 TEST : NORMALISED FISSION CEAMEIR SIGNAL :
AT MID-LEVEL OF TEE BUNDLE Fig: 11




- 7128

-74292

-7228

-7388

-78818

~7822

o -t
-4

» ]

T

PEZ3US 218 TEST AXTAL POWER PROFILE AT STEZTADY STATE AND

AT 12 8

Fig: 12




64

N
1 2 3 4 5
0,958 |0,932 | 0,885(0,948 | 0,992
6 7 8 9 10
0,948 |1,085 | 1,088(1,158 | 0,977
11 |12 |13 |14 15
0,855 |1,009 | 0,9921,006 | 0,898
16 17 |18 |19 | 20
0,927 |1,121 | 1,109 1,110 |0,991
21 22 23 |24 25
1,091 |0,967 | 0,942 10,984 |1,015
S

POWER DISTRIBUTION AMONG THE PINS, AS MEASURED BY P.1.E. GAMMA SCANKNING
ON A 17mm SLICE OF 2508 BUNDLE TAKEN BETWEEN LEVELS -7662 AND -7645

Fig:13




oy

‘oe

‘sl

‘ot

‘e

| (038) U1l

(06989-) 3I8T1INO

o (94)
uniGUadHAL

gL2 3INITH3d4X3I

‘00t

‘o002

‘voe

“0Uh

‘008

‘009

114

Fig

T AND OUTLET

FLUID TEMPERATURE AT ID
OF TEZ BUNDLE=

ST

~e
-

PEET3US 218




63

"Se ‘ ‘08

‘ct

‘oL

05GL~ T8A®T

(338) 3H1L

\\\\\\\\\\\Il

G Vid

4
\\9.2.- ICLE |

(9.)

3UN1LY3IIHIL

812 .m_.uzm_mma_xm

‘002

‘00€

‘00h

‘00S

‘009

Fig:15

ATURE OF TEE BUNDLE CASING
AT TWO LEVELS

-
=
-

EMP

m
-

218 TEST

PEESUS



b

INS IKUMCNTATIUN

BUNDLE 25.038

EXPERIMENT 218 ' C

PHEBUS 218 TEST : BUNDLE .INSTRUMENTATION AVAl

@@ [6600@
o006 | 10000
O®O00 | OGO
6000 | 100000
@@@@ Lo_gooo
p@oop @QOO
00GCO! | 10QE00
OOGEO | 00LEO
O®CO0| | 100000
@ooo bgooo
@T}OOO @OOO
looqoo! | 100000
OO0 | 00000
DOOO00| | 000Q0
l_@_QOOO Lo_oooo




cg -

‘oe

‘6L

‘ot

‘c

‘0

~a.

I!clfcl.‘

U (oms) sunx

€ uUtd

—— e

- o 0r
N

b uyd

upd ayy jo aanydny

—
—
—_——

t9.)

AUNIBEILHAL

8L2 3ON3ITHI4X3I

‘002

‘00€E

‘0Uh

‘008

PLENUM TEMPZIRATURES FOR EXTIRNAL ROW

PEESUS 218 TBST

Fig:17

PINS AROUND PIN 3




- LN

- 4
58 "o8 g ‘o ‘¢ ‘0
J J (938) su1L | r I -002
sujd a X
1d 43 4o aan3dny | -o0e
| -von
{9.)
FUNLLUZAHAL
. -1 -00¢

8L2 3INITHIAJXI

MPERATURES FOR 3UNDLE CENTE

e
- ama’

PLENUM

=ST

PEZ3US 218







£5

‘S8 . ‘02 o1

ot G 0

(238) mMIL |

. avn

— —— e e e e e S

! ' |suy{aajua)d

| | 00t

‘009

‘006

\
/, -~} 00zt .
\
\
\
\
\
\
//
- —] *oost
A
(9.)

Junivui4aial
— *ooslL

812 3JINITH3AIA

:20

Fig

=S

ZRAT

=P

JEIL =7820

- m )
al LT

DPIN 14

INTERLINE AND CLADDING

oF

TEST

PHEBUS 218




AXIAL MESHING

FOR EXPERIMENT '218

axial
_power
CoeffF
in .
FRAP Zone
computation Level.
goo
D, 543
640
-4,005
L2o,
4,237
420
4,353
380
00
i 340
4,423 300
4,443
2860
358
1 220
4,120
140
0,6325
(o)

Instrtménted

Numbet” Levels

of the in.
Zone | pyurgys. FACILITY
410

9

;_._ - +500
e

L t— =360
3 j— ~3660
5

4

-l = F800

Groupes.

Levels to
be

computed

Pin axial positions to be computed in the ISP 1in correspondance
with instrumentation, meshing and axial power distribution.

FIG :

21

69




ISP-19 PHEBUS EXPERIMENT 218

HASS FLOW STAYD

(b

i

cememmeeee—=e QUALITY
[t 0 g0 SO 0 4] o) e
o
”
= o~
S s e o
\\“
\‘~
\‘.
\\\
h =
e e 2
~
‘\
‘\
ﬁ‘i
‘\
1N -
T / ~
l"
v
4
| e
s e
P = 2
-
ey
‘—’
4’/
< | .
.\\
2T s
———
\\‘-
N i
...... ~
“'\L.
—— L =Y
4\“
- -]
\
-\\
L —
A
T \
]
|
\ K
/
4—L' .;; - =
-
- 2=
91 Z! 8 4 Q [ 2 3

—————————

MASS FLOW (KG/S)

3CUNDARY CONDITIONS FOR PARTICIPANT C COMPUTATION

Fig: 22

(S)

TIHE




Fi

L Q) (0)
6:0 58-0 8:0 6:0 $9-0 8-0 60 S8-0 80
m.@— 1 1 mm: | 1 : mlq:
vo—lll': =¢u.o|||.|._= vo_l|.||=ovo||i__ ] >0 0+ u
0,520) | nate [ s ERTITINN (o c.H:: nae [
NOILY 13l >0
d-c— Nuap 031vVI0dvHL X3 1Mcc—
NOILV13Y
U+ s VHUS
p-0l 7-0 7.0
~
//,
\ ~~]. ~
1-01 .3 -0l " -0t
v 1 4
v\ d 0
o (G319100W) vy > 03LV104U3LNIU+ >0 >
. L = noviaw Y G F E
vivo NE - UerVHES N m 0
Hoyd 3LVY 1 WY - 2
NIVHLS TV1O0L " 4 w
m m (7]
) al n m
oL, . LU AR
oot Loot Loot

STRAIN RATES IN THE = + B TEMPERATURE RANGE

FOR A STRESS OF 35MPa

FIG:23

REPORT No. PWR/R995




ALINUANIDII 1371134 VInd
0l 60 80 L0 90 50 90 €0 10 o0

-0t

0y

SNOILYIIY d433W)

UONVY>@NIIALIE NOILVTOdUILNI 09

n
{
|
|
|
l
i
!
l
l
|
|
1
I
|
|
|
[
:
!
o
=

NOILVIIY d33UD B+ VHUS
- 001

-0V

o1t NOILVIHVA SSINDIDINL 1MVA WILINE == =%-== 09t
HOILVIMVA SS3HXINIL TIVA WILINI O —O—

on

7

FiG: 24

!

1AL WAL
ASSUMED CREEP
RE REGION

Y AND INI

CCENTRICIT
ON FOR DIFFERENT
HE o< «3 TEMPERATU

3

% NIY¥LIS 1s¥ng Q31vIindavd

EFFECT OF PELLET

-

|

HICKNESS VARIATI
PROPERTIES IN T

REPORT No.PWR/RG995




73

(SANO0IIS ) IHIL

e- n.. _ 2 ~ { .m.e
\.\\ .
J/ NIVYLS ‘a0
!
/ -1 oL
02 ! e
] V4
L/
o 1/ oz
> 0%- « i
u .
o |
o ! v ov)
wn | HOE
o 09-
»
m 3
° Wb -0y
09|
T.m
001}
(1-03S S9L-0=4) 09
AV130 NOILVHHOJSNVHL MLIM  ————-
AV 130 NOILVHUO04SNVHL ON
0z1-
%1 ¢t NOHVIUVA SSINNIHL TIVA TVILINI oL
60 ALIJININIIII 137134 3N
011
09

Je LV OVII TVY¥LISK VIO

DIAMETRAL CLAD AT AND CLAD STRAIN TRANSIENTS

(e<+B3 CREEP BY INTERPOLATION)

FIG: 25

REPORT No. PWR/R995




300

600

4Q0

200

10

1)
LD |

b
-

(¥)}

T
bad ' N

(o]

1,0 1,5

COMPARISON OF AXIAL POWER PROFILES USED FOR HEAT
TRANSFER COEFFICIENT COMPUTATION AND FOR PARTICIPANT
F COMPUTATION, WITH EXPERIMENTAL DATA (.) Fig:26




7S

0¢ ) 114

oor- . ¥ i 3 ; 0
(o) suL. 000t
. Xn{3 ssey —-—-—-— ﬂ nnnnnnnnnnnnn
Kdyeyjue 3a8y3ang --------- i A
Kkd1eyjus jeuy ——m— A _
os-I- i
-looo2
A
7\
iil.\lll/l.
[roTTT T / !
; |
l.l..l.l.l.l.l..\.l.l.l.li\l.I.\.\.
1]
R -{ ooos
_ \ m / /..‘
Ny v
0o .
i /
. |
(11 o .
_. ﬂ ‘ _ —{ oooy
oot - g8°gu/by ar\ﬂv_ oo

27

Fig

BOUNDARY CONDITIONS FOR FRETA BUNDLE COMPUTATION
(PARTICIPANT I)




26

ah
\/

~Non ruptured pin

[Ruptu:e tz‘.n;e for standard

computation
Experiment

Rupture time for improved =
power computation

COMPARISON OF MEASURED PIN RUPTURE TIMES WITE T=
TWO FTRETA BUNDLE COMPUTATIONS




DEFORMATION STATE AND TEMPERATURE MAP FOR FRETA
COMEUTATION WITH SPECIFIED DATA AT LEVEL -7580
AND 14 SECONDS

Fig: 29

ZZ




75

- .
- . B - e

Fig: 30




1°8.° i 183.1 $168.4%

8.8 fL XY 1529
i3 11569 1388 1

1
" B © -
‘ ‘ ‘
P g 8 g ¥

JS8.8

]

8.4

31138.0

¥ D9 o4

DEFTORMATION STATE AND TEMPERATURE MAP FOR FRETA
COMPUTATION ‘WITH IMPROVED DATA AT LEVEL -7580
AND 14 SECONDS

Fig: 31

=g




§C

—cmetsocme o o -

DEFORMATION STATE AND TEMPERATURE MAP. FOR TRETA
COMPUTATION WITE IMPROVED DATA AT LEVEL -7380
AND 30 SECONDS '

Fig:32




S/

0z St o g 0
¥ ] | | 1 | T QMN
(s) suyy
VJ‘QI'\!
R /.”N\n\.“.h.n«..uyv.
q —
€
S SO m
—.— oo .
D —mmmm—m— e m
h G S @ G @ G— St © C— Wa— \N '8“
SINVAIDIIUVYA \“m
’ H
J/
Juswyaadxy \“..\
g
Py
6t dS1I \c\\\
A N T
\ S NS
~ ’ /)
# \\ /— al \.Hl/ S
\ Y RN .s. -
It\\ \ \ Y » 0sL
] \ V4 :
o \ el 4
- /
e ———— \\.\ / \\\'l\ .-\ \....\
e \\ , " _ A
- °
o ..“.W\..\u\. .\\“ P .../. .\\M\\. o
e g SN LT
R X LI A
S et i \ ;s
- ll\l--no\.\. oot 4- .\.
™ ™ ~
it -1 ooot
- .\\ \.\.\
{0,)
sanjeiadway,
- 062

33

COMPARISON OF

5,

EL

OR PIN 3,LE
COMPUTATIONS

=
-

CLADDING TEMPERATURE

Fig



kY -8
'.\.
\
\ s
‘\ \ 2| a@avamx
"]
ol : ~ :]l
anjo|=z *| |
L d QLIS * . 1 -ty
3 - » o l . o~
S ERIRR -
-} [~ i l [} 3
. =~ ¢ ! l
\ JEEEINE 2
! il 3 ' 3
\ i il &
1
\‘ '\.
\\\\3 -2
1
\\\%.\
\\ ._\.
\ '\
4 )
E\ <
ot e
,
% (N
\ }
0 o
qr7% :
v 3
A\ Y
§§ i
'.".\\ s,
\ \..
N ..
’\_ .D.
.\}\ l'.‘ -2
\- 'I
\\‘;.\"
S,
: \“
N “"s
Q\\\‘ k.‘"a
\’?\\ -
‘...
\{T\:"Q':-----:.‘- e
\\ te
£ i
%)
=
-
M‘
-0 'ﬁj
o~ 13
£ I5
2 ; |
L ' ! ! 1 c°
2 g B g g

CLADDING TEMPERATURE FOR PIN 3,LEZVZL 5, CCMPARISON OF

COMPUTATIONS




33

- emteeeimtiee o me

e —— e .

sl ot 0
' ' (s) euyy ! ' J 0st
L —cremeecom o —
" sesmessenes
MU lllllllll -
d sttt Loos
SINVJIDILUVd
Juswyxadxy
6L d81I
“lose
-jooot
.u..ﬁ_.
X exaduwa
°Im Tl ogn

=ENT

CLADDING TEMPERATURE FOR PIN 3,LEVEL 7, COMPARISON OF
COMPUTATIONS. WITH E

Fig: 35




S4

v oo o

.. @eme

0 114 o st o S : Q
—m. suyy, I ¥ ¥ (]

H +++8600044444

SLNYAIDILUVd

Juswyradxy

61 481

(2,)
sanjexaduay, |

0st

ostt

TURE FOR PIN 3,LZVEL 7, COMPARISON OF
SXPTRIMED

COMPUTATIONS WITH

-
1
-

T=MP

DING

T

Fig:36




55

R L

=

%‘ [1]4 1) 0
(8) euyy ! ' 052
L et e
= sesesesssanusnveees v nsontT e
) —m————————— ;
Jd e f
“}00S
SINVdIDIIHVYd 4 .ﬁ
Juawyxadxy .\_ \
6l d81I 5
~lose
~1 000t
(3.)
aainjeaadws
A L osut

ISON CF

ERIMENT

-
=
=]

CLADDING TEMPERATURE FOR PIN 8,LEVEL 5, COMPAR
COMPUTATIONS WITH

37

.
.

Fig



ot Sl ot S 0

(s) sugy

D memeemmeim— e

d +r+trrrerrt bt

SINYAIDILUVYd

juauyaxadxy

6l dS I

I T N ¥

(D,) ainjeradway],

(1,14

ostl

TNG TEMPERATURE FOR PIN 8,LEVEL 5, COMPARISON OF

IONS WITE EXPERIMENT

*
AT

CoMPUT

CLADD

Fig: 38




i

114 o Sl 0L

-
S

! (6] iy T ! v 0S5z

[ ~emesemmesmmnn. ———

—— ssae . eve p

) cmmccncec———— _~

. T S p— !
-\— - 8“

SINVATOIINVA h

A
JuswyIedxy ' Y .\\
\ ’ /
6l a5 I H\
’
S \\
7 4.4. 7
o~ v 4
s
ey \\ ‘ ~lost
LAY " ace
; Vs
/...\ o / S
PRt .> 7z N\ \\.\\-\. - —
e P\ aa
' -oete ” l-l.\\ v y g .I\\ Pl .’/ ’I et I.\!l\\
U I~ et T N e T
et _ .nl\%\\l.“\ - \\\‘\\ d.\ S
\\..\ .\\ \\\ -
" - d
g -1 000t
‘\\‘-
‘\

.uo.w
musamumsoa

— oSt

:39

Fig

COMPARISON OF

7,

=

B

IONS

~
-

COMPUTA

CLADDING TEIMPERATURE FOR PIN 8,LZ




g9

Gt o S 0
_ v e) oupy, T J i i ot
AVES
(T =
— I
H— llllll —
- — i|
0 41440080444 \.:
: ’ ' -
SINVAIDILUVA / ! 005
[X)
Juswyxedxy \\\
. Ar !
Iv .
6L 481 \\.v\
\.\.\..\~
\f\\ \s
\ ~ s
. / ) /
\\A\ o
\§/ \\\ .-\ \\
- - (\\)/ -~ e \\
———— \ \\ e /
T N LT
\\\\\l\-\ N \.. \\
— \....—.. o
—T / a.. I s 7
-~ - | VA N e -]
- \,” v ooot
\-.\- ..\\l \
e - P A} 4
s.\.\\.. NS /or\\
T -
I\'l\ ‘\\
" -
.\-.\; -~
on\-\uo \\\\
P e (0.)
\\\ axnjexsaduay,
P “osnl
o

COMPARISON OF

OR PIN 8,LZVEL 7,

COMPUTATIONS

-
.
&

CLADDING TEMPERATURZ

Fig:40

-




a9

s

' (s8) suyg

r
H

sessesecresesveser et eso e

SINVAIDILUVd

juewyxadxa

6L 481

0

0st
008
1062
~10001

(2,)
aanjexadwma]

— oSt

EMPERATU

Fig: 41

COMPARISON OF

ERIMENT

RE FOR PIN 12,LEVEL 4,

COMPUTATIONS WITH

CLADDING T



90

0t 14 14 -1} o

90
_ V" {s) eury, J J _ 0sz
I — . ——— ———— S———
a llllll ——
b ] — @ - $ @ - 30 s 0 ¢
H trerstrersies —100%
SLNVAIDILUYd
w:esuuaaxm J— .
61 48 1 \\

o
-* rd
Q‘\
PR
. v\\
" e 7 -
e
nt\; -
-« \
Lo T
e
Lo

“jost

{0,)
aanjeiaduay, |

osil

, COMPARISON CF
E ZXZERIMENT

-y

OR PIN 12,LZVEL 4

COMPUTATIONS W:

CLADDING TIMPEIRATURZ

142

Fig




G

14

1] 1] S 0
V' (s) euyy ) J T 05z
L ——ccomemre— e
H o
D e .
A e 00S
X1
SINVAIDIINYd A \m&
A
juswyxedxy ; i
7 \&ﬁ
6L d 81X ..&\
49#
~1000t
QUB—
aanjexadwus
3 .n.lcmm_

TURE FOR PIN 12,LEVEL 5, COMPARISON OF

COMPUTATIONS WITH EZXFERIMENT

CLADDING TEMP




92

114

(4
S )

' U (s) euyy ! J 1 205t

I — - ————— 4 __

q ——————— J

- £ i

I R A ; ¥
. ! [ -] 005

SINVAIOIIUVA ! !

QO {

Juswyredxy ! \\.\

! \\.
6l 48 I g Q.
/
-lost
-1 0004
\\\
\\\ (D,)
S aanjeaxadwal,

a1 +11]

COMPARISON OF

TOR PIN 12,LZVEL 3,
COMPUTATIONS WITH ZXPERIMEZNT

CLADDING TEMPERATUZRZ

Fig:44




; .o 14 or st ] 0
(s) ouwyy ! ' ' 0st
£ e e !

; i sereeeenen

: D mmrmmeeememe- .

m [ P — I ~100$

1 \.

) SLNVAIDIJNVYd “

Juswyaxedxy
61l d81I

“1osL
~10001

* “U°'

aanjexaduwa], |

ost

COMPARISON OF

7,

COMPUTATIONS WITH EXPERIMENT

-
-t

CLADDING TEMPEIRATURE FOR PIN 12,LZ

45

Fig



' T {8) euyy ! v v . L 05z

9 €0 M 0@ e O 8 Pt 00 e 8 ¢ ns

H et tsreirete s

SLNYJIDIIUYd

Juswyxadxy

61 d 81

— (0.}
wusumummamﬁl

ostt

-{ooot

COMPARISON OF

0%

COMPUTATIO

CLADDING TEMPIRATURE F

Fig:48




14 o g o . .
. T {8) ouyy v ; ) : -
 \J TSV p ——— y
[ esesmscsesssentessanneacaonce \
u llllllllllll ) \
O G @ vin @ Grmmp § TSP @ Teud © Emamm \
d \\
SLNVJAIDIdIuvd . > m . s
. >
Juewtxadxgy o .w
T . f:
6L.d 8 1 - B .\\ \\.
AT S T v
S U ol e g
4/
“jose
~jooot
(3,)
axnjexadwayg,
A

COMPARISON OF

CLADDING TEMPERATURE FOR PIN 12,LEVEL 8,

COMPUTATIONS WITE EXPERIMENT

47

Fig




o

o 4t mom -

1] 14 (114 1] 0l S 0 .
' v (s) eujy ! ! L i osZ
g p———
I e ——————
H— llllll —
HU B L e Lt —— -
H +tesrssertt st 006
SILNVAIODILUVd
Juswyxadxy
6L d 81
“PSL
~}0001
- \\\
.\\
—
(0,)
aanjeaadwuay],
-ostt

-
23

NT

TL 8, COMPARISON O

LZVE

12,

COMPUTATIONS WITE IXPERI

PTRATURE FOR PIN

e
-

CLADDING

: 48

Fig




&

Tt enetwy e

ewm et e o

' ¥ ¥ g o

osL

~looot

10061

—osit

' (s) ewyy ¥ . .
. -
- // .
- N
.- .
\\ .................. \
\\ . fd
\\\ - RN}
‘ -~ “\
d ’ A
g . ..;a
xxxxxxxx ) d g "\
-\l\.\‘l ,Il \\ v\ o-’
\a\-\\\\ . bk PP g u\. f’
| T g "\
- \
'u'u "
-.\\ —-d
................... \
[T T .
/
)
/ “josn
P oo e //
; - . Rowippetrtesy
) ~mm—————————
d e
maz<hHomazcm
juswyxadxy
6l d S I
| (0,)
aanjexaduay

1 48

Fig

OR PIN 3,LEVEL 5, COMPARISON

OF COMPUTATIONS

TEMPERATURE

-
13
-

FUZL CENTERLIN




g5

o_N:: = 0z s\ o 4 : 0
== oSt
\
P N,
- -~
L~ O\
\\\ \ \
. \\v~h0h0006'.¢0 / \
el . \ A
'uul LT T - \
T N .../ / /
\\l\.\l\t\llﬂﬂhd“tﬂdﬁﬂ.lil ...t\..\..\ ./. X v\ “joom
R AN / \
- —0 /oo ’ \
\\ \\
./.. \ !
Y \ \
\ Y \
Y \
ooy
"m / \
,..,.... / “jostt
Y \
\\ \ \
\3 \ N
[% Y \ [ S
/... ) \
\\ /
] ——e——————— LY \
\\ \
q —————— — ./ N
U —— . ¢ 8 4 e 08— s o /o- i
H +4+6t8000444 E\S -
: : A1 0051
SLNVYdIJILuvd . ﬁ
.
v
juaswyaadxgy /,a..
6l d 81 IJ
e R
\
AUB—vni. .
aanjexadibjTosu

Fig:50

COMPARISON

5,

3,L=VZL

N

FOR PI

13
4

CF COMPUTATIONS

TEMPERATURE

13

I CENTERLIN

»
&




‘qa

_W .W St 1] S 0
T | § v
(s) ewyy 00S
o ~.
.’ [ -
- n
- S
. PUTL i N _ 05t
- .
\\\ N\
K P s\
...\ e , //
v \,
K - . \
e 5\
- e o o s oy - " . \ /
e S
e PRI e e Il - L\
“ \

v\ . ~10001

W
r M/ ‘
- G § O G — S V— — ) — — 3 '
—— esseseesencvanssse asesanssany ) ’f- ——
g ——m—m—— e a.op -Joslt
d e — //
SINVAIDIINVd ,.,/
N
Juswy xadxy _ .// uuuuu N
6L A8 1 . o 3\
(Do) N
aanjeaxadway,
-loost

- 51

Fig

OF COMPUTATIONS

SNTERLINE TEMPERATURE FOR PIN 3,LEVEL 7, COMPARISON

=Ll




100

ot st o 50 o e S 0
-m_ |uly ], T 1 ] : \\1; s ]
Nt ~ /
\“ // A
”~ /I /o
\
d \ \
Z e, - _
\\\ .\..\ ‘/a. ’f /
———————— -7 N , /,
\l||\ll||l.lll\.lu|..||'|.|||ll -.\n- /. I l
T Y )
t!««ﬂu.qn.‘“u ......... /. | /
\ (W
L] oo ‘
z. \ /
YR
\ oY
\ s
A / /
Y \ \
; '\ g 211
\ L\
/ \ N e ]
\ /
a.. \
\ ]
A
H i — .
0 e — /
b — _ | |
H t4rtrserirtes |
SINVAIDILUYA ./.
/. .........
juawyiedry
61 4 8 1
(0.)
sanjeiaduay,

—osul

COMPARISON

7,

-
s

TOR PIN 3,LE
OF COMPUTATICNS

TEMPERATURE

NE

=L CINTEIRLI

e
—

=
-

Fig:52




Joi”

0€ |74 114 St )]} S : 0
' (s) euyg J i i i ﬁoﬁ
0001t
e \“N.ol:l.\.l““.ll.al.. o — ey e, ——
e
-
-

L e —. o
H F e P R T Y
) e ——————
d e —
SILNVYdIJOIINVYd
Juswyxadxy
6l 4 S1I

osit

0051
(2,) —w/ . !8:
sanje1sdiisy

TNTERLINE TEMPERATURE FOR PIN 8,LEVEL 5, COMPARISON.
OF COMPUTATIONS WITE EXPERIMENT

UEL

-
13
-

Fig:33




[02

0€ 114 0 __

_.m_ suy ],

-—
~—
—— e

Laetsstoa,
-
\ ‘e
A
. .-
.

oo?o.ooo.oooooob» ..\\
POt IR
e o - DT 2 gy we - .

SINVJAIDILUVd

J o - ® @ ¢ ¢ — 00 4 & —

4] trrErrrreettd

juawyxadxy

6l d S 1

0sL

~joo0t

st

0051t

k! \
S
.M. Y
.'/. //II
3 -
..../ -lost
*\(0,)
aanyegadua],
L S i
L6861 Y
k .

Fig: 54

COMPARISON

5,

L

OF COMPUTATIONS WITH EXPERIMENT

TERLINE TEMPERATURE FOR PIN 8,LE

=N

FUEL




/03

0SL

n“n m_N e_m m_ 0i S 0
(8) swyy], 1 T ﬁ
.a\\.. .-//.
- .//
- T
q.\\\.\\ ~ ..’
\\\.\. LT ./.
W.\. 7 //// A
o . - \
\\ \\\\ tv ./ /.
—————— T T e~ o o - Y
e ~. T N .
\lu-\.\l|‘ b e § S & e et ¢ e e ~. -~ \\ \.\\\ -a.— /
- ~t——. gl W\t
- 0 o e g .-~ RV [Y
e I T \
—— N - ’

L —eeseem e ——
H esocscss semecccrescccsnvereas
) ewmm—m————————
Jd et e
SINV4IDILUVd
Juswyxadxy
‘6L d S I

aanjexadu alL|

osth

oSt

FUEL CENTERLINE TEMPERATURE FOR PIN 3,L..""V"'..L 7, COMPARISON

OF COMPUTATIONS

55

Fig




104

I :n— suwyy, T 1 4 . i
\\\\\lull
\\ /
lllllllllll 7 \\\ // .
T TTTTTT T =~ . . \ o0t
~———— _ e, - /,
T 7l .. “
. /—
........... Pt Y
“o\lc\\lc - S e v 4 @ e 0O - . ./ \ 4
- " A\
- - ' !i\\li.\.\.‘\ \ —f—
..\. - \ v
) \\\\\ / (X}
T 1 \ osul
— —
- \
\ B
Y \
\
LY
\
3 \
\ \ \
A \ /
of ’— ’ \
Vo T v \
R - vl N ~{ oost
D e te " . T
 ++rErrerretsd / /
]
SILNYAIDIIUVd w ./
[
juawyxadxy
¥ / /,
6l 4d S 1 \
\
\ .
AUOv i e meee ] ostt
aanjeaaduay,

‘COMPARISON

7.

LEVEL

OR PIN 8,1

OF COMPUTATIONS

TEMPERATURE

=l CEINTERLINE

Fig:56




oS

——
e e e AN TRETLTIIIL,

. G e - & m———
—.

—— o
b cnom o e 0p e
..........
ee

et e tiannenncneese’

SLNV4IDILHYd

juswyxadxd

6l 481

5

0SL

00S1

\

(00) N
aainjeiadwag, ~ 0SU

TEMPERATURE FOR PIN 12,LEVEL 4, COMPARISON

OF COMPUTATIONS WITH ZXPERIMENT

ENTERLINE

TUEL C

57

.s

Fig




106

- — G . S—

M \!l\l oooooooooooo .
\\\1‘.“;‘““...\1 .................
e :
.\.-\-h\
T
H — - ——— — i ———
u .............. —
d strbrterttesd
SINVAIOILUYL .
juswyiadxy

6L 4851

P

-3
Q

ost

0004

osit

\
\
’o
A 0051
\
\
\ N
kY | U
\
1
\
1
\
\
\ 00
mu}wmamasm? 0SL1
\
\

-~

COMPARISON

LEVEL 4,
XPERIMENT

OR PIN 12,:

TCRE T

COMPUTATIONS WITE

ocr

FUESL CENTERLINE TZMP

Fig: 58




ot 14 114 St 1]} ] 0

. I ¥ g T L T L
' (s) euyy 0SL
2
i
H - .\\ ...... N
e
LT N\
s R LA N
R SR N
RCa _- .
\\.\\‘.‘ -~ N
* P ‘\\
G % 0001
o - LR
s ’, . X
k3 CY
- \\.\ o .M \ Aﬁ
e s mes s e g o y
‘H”““I.o“o-‘lculg-'.'u ’-l:c \.\\».“‘v \\\ —M... /a
-‘Ih»ﬁnﬁ!.\ BRI e e e e st e s e l‘nl‘l—.\l...ﬂu-\ \ ...a \
hd inde DTS PORRSpwe St
“-\\l - \\\ ﬂ.. —.
.
’ ! .’
\\\ -a ’
- \
\\\\ o’ S
g v\
—— 1\
——— *
——— [N Y
T i
-

3 \ “fostt

\
—— sesesens sececrssrevavenssuane ./ -
) — e | \ 005!

SINVJAIDILUvYd / ...,I .....

juswyIadxg

61 4S5 1

—Ue v ./l....l.lU
aanjeaadual,” 0SL

Fig:59

OR PIN 12,LEVEL 5, COMPARISON

OF COMPUTATIONS

13
-

URE

-
-

RA

=
-

me
-

CENTERLINE

FOZL



1%

qe : 5t o ) )

- | m c
V I (s) euyy, T 1 _ : own
\\
Vd e
\\l&\\&o‘cco ﬂ/
@~ )
’ 000t
t\.\ 7 \
o2 . \
- \ .......
00441 d PR ~ )
QvQOOQO'OOQQOOOO \\.\w\\.s ’/ /
\\.\\..\. / ./
———" \\\\\..\ / ’
l-\\n”......\.ﬂ...“i ........ e , /
TR St Lt sl g s /_
\.\\ | ‘ / |
— - -
— oo ’
. ' —
ﬂ /.
3 \
VL
/. o.o /a
' |
v\
AH..— e — —. / / ~100G61
Y e / W A
H +tr+tsseettsss / .
A ——
SLNVJIDIJUVd / m L
MR
juowyxedxy / M
A
(0,)
6l ds1 / n
de Jadway,
aa * tosur
L]
/,
..m
/'0.0-{'..

COMPARISON

N 12,LEVEL 3,

-

OF COMPUTATIONS

TEMPIRATURE FOR

-

CENTZRLI)

TUZL

FWQ:SO




/69

L] :14 or 1} o

(8) owyy ! | ¥

ibgiiaped~t L2 12t E L L FTTRVY

SILNVYAIDILYVYd

Juawyxadxy

6l 4 81X

-y

~ 0.)
wu:umumewb|

05

ooot

osit

00st

oS

COMPARISON

OR PIN 12,LEVEL 7,

OF COMPUTATIONS WITH EZXPERIMENT

NTERLINE TEMPERATURE

UEL

—
3
-

Fig:61




110

p—r

ot 114 ot ol o S 0
I ) —u— uﬂ—ﬂnﬂ- 1 ’ L | T (11:12
\\!lll
\\.\\klll// //
- P AN /
| 0189—

e eE S8 ME e M. e
——
——

(LA NKd) 1S DY

oSzt

SINVJIDILYVd

—— . ——  ——— —

0 +++tssevriatds

oosl

juauyxodxy

6l 48 I

\ (0.0 -
ou:MﬁquEma osil

~

SNTEZRLINE TEM?

OR PIN 12,LZVEL 7, COMPARISON

-
3
-

ERATURE

TUEL

EXRIMENT

-
=
-

OF COMPUTATIONS WITH

Flg:GZ




/1

]

01

SLNYJAIDILUVd

juawyxedxy

6t 4 8§81

(8) euyy

Iilillgll\

{1eq)
aainssaixd Teulajuy

ool

0514

FUEL INTERNAL PRESSURE FOR PIN 3, COMPARISON OF

COMPUTATIONS

Fig: 63



liz

of

m« .ﬁ & ol S 0
)
R l—ll 2SR X AR e ﬂ- =L ) 1 ' 0
w
]
]
]
_ . i Jos
La e, .
\ -~ cvmram e
C/\.r\.\.)' \ e -
-~ - C Ve, ...l...i.
/bHVdﬂlJ. \J(- ,(<\a ........................ TSN —
S [ A, S
f N A e oo e s LT e
I -'1 \ —s o tn’bni I//
H /\ ety N
] -{oot
] — e ————
qa —————— — .
U or wm—s § ® e 88 G § dmemm § & wore
H s+t+rssrsratss
(1eq)
SINVYJAIDILUYd sanssaixd Teuasjug
~0St
Juowyaadxy
6l d S 1

FUEL INTERNAL PRESSURE FOR PIN 3, COMPARISON CF

COMPUTATIONS

Fig: 64




//3

><

ot 14 or sl

T(s) auyy '

—

SINYdAIDIJMvd

juauy xadxyg

6l 481X

-t

(1ed)
aanssaid y(euxajur

0sl1

COMPARISON OF

OR PIN 12,
ERIMENT (PIN 17)

-
-
Po
-
-

COMPUTATIONS WITH

3

FUEL INTERNAL PRESSURE

Fig: 65




[14

X

 +4++502ce24444

SINVAIDIINYd

Juawyxadxy

61 d 8 I

(xeq)
aingsaid jeuiajul

0%

oot

0st

COMPARISON OF

NT (2IN 17)

N 12,
ERIMZ

WITE =X2

s
S

COMPUTATION

FUEL INTERNAL PRESSURE FOR P2I

Fig:66




15

nmm 14 oz 1) i S 0
(5)  UFg--el Loy R S L e ™ 0
llal:.-lln...l..ln.-lll.lllc-I‘Ilct‘l-cl.llll..“-.al\ll.-\A\.\ﬂll&l.ll..l”““\n..lc'.l\\.\. e oo o 00 ¢

\\ \\\ \.\.\.
—_————— . LT PP
Ve e
\\ \\.
jusuwfiadye uy. uojjewIojep TRUTI /7
PRSP I 4
i 114
L ~—e— oo e — ]
I e ——— 0s
I ceeerseernemsresessessoensosaens
- e s 8 . G S & e 8% § & G P T ® O . S > SO WA S0 S 4% e ¢ @ e 0@ ane) u lllllllllllll
d et
Q —— v — —— — ——
D et
! W MMM RN NI RN
' SINVAIDILUvVd
juawyaadxy st
6L dS1I
(%)
uyeils &oo_:
00t
. - A g L]

OR PI;N 3 AT LEVEL 4,;COMPARISON OF

COMPUTATIONS WITH FINAL EXPERIMENTAL VALUZ

-
13
-

CLADDING DEFORMATION

Fig: 67




U4
7 7

/-
\‘ | B
L [

JuswuTI2dXd® UF UOFIewroyap ﬁmzq.mo\

*oebopeee

I16

g sretrtdertrttd
Y NN NNNNNNNN NN

SINVJIDILUVd

Jusupxadxg —

6L d S I

(1)
uyexys doop

114

~ ool

1 5,COMPARISON OF
IMENTAL VALUZE

-
-

G DEFORMATION FOR PIN 3 AT LZVE
COMPUTATIONS WITE FINAL EXPER

CLADDIN




4,3 14 174 1] ol S
rl..ll.i—.:l..la....hﬂuuuuu.n..llllx...lHndl...n.“.u...m-ll..r..f:. ...K.Mvwvl%&::. - ¥ e T 0
Ss)o o b o t——— o — - By e ansnattt Y Sl
(s)awty .\..\.....N\\\ \
P — - ——oe —— \.q Rphd bk ddndd et bbb e —
juaujxadxe uy ugfjewrojap [euyrd
qst
L ——erm— o e — ]
 —————— o — 0s
[l someernemoncecnsamesnannaninnns
) e
.& lllllllllllll
ﬁ— —— i A o—— — — —
D e et o —_
W MMM M MMNN NN NN NN N
SILNYdIDIJUVd
juawjiradxy ———— s
61 dS1I
%)
urexys dooj

“oot

Fig: €9

RIMENTAL VALUE

=

ORMATION FOR PIN.3 AT LEVEL 7,COMPARISON CF

COMPUTATIONS WITH rINAL EXP

-

CLADDING DE




(15

o (s) owys g - 0 5 o g
..-!.i..-u.wmw..”....u.w...wﬁ...w...x..::m..wm...mmm..«.«.._mﬂ...mm"...mm.ummu.wmmu."wm.mmmmmwﬁmmw.wﬂ.ﬁm......u.r,.._w...\u. . b
i/ ] u\\\
R e R Ty P e UL gty AU Ll LS o ..l....u“hl..\..\l... .....
juowyiadxe Uj uoyjewioyep VU]
................................................ d
Ha —— s —— - — 0 S in
H —— - Srr— - S———p - So—
1 R R
P e
J e —
H— —— —— — — S o
fo TP PR
A NMMIENNNNN NN
SINVJAIDILUVd )
juamyaedxy
61 dS1I
(1)

uyexys doon

st

SL

ool

4,COMPARISON OF
RIMENTAL VALUZ

-
—

FOR PIN 12 AT LEZVZL
WITHE FINAL =

ORMATICN

-
=
&

CLADDING DE

COMPUTATIONS

Fig:70




na

of.

(s) outy o, oz 6l

[

- ..l..l...Vlhn..HH...ﬁ.wh@wmnﬁamwgmﬁm*E%mh WS EERT .ut.moluwmu.mmwmnhwmm.m.wx.lum..ﬁmﬂ««.
. 2

JUoufIadxa Uf UOJjewIojap [euyd

QOGP ETPPRPPI00 GNPV OPOPIPRPINT OO VIS T S (]
4

P e L R X

LT T T Y Y

a
o
€ trttvdttrtredd
YV e Nened N nxn

SINVJIDIIYVA

Juswyaadxy

6l d S 1

(3)

uyexls dooy

14

0s

SL

001

CLADDING DEFORMATION FOR PIN 12 AT LEVEL 5,COMPARISON OF
COMPUTATIONS WITH FINAL EXPERIMENT VALUE

: 71

Fig




|20

9 au

o (S) 24Tl o 0z st

4 la:...::d:q.w.uh.r.qﬁ.du.ﬂ&ehaﬂ.qgmau.‘hﬁls.ﬂ...uﬁn#naBﬂh,.....u«._h.xv.uﬂmvgn& -
< .

e b e 5 Y & S M P = s S $ & e @ —- OGS et B8 Mt PU s P e 26 e 00w @ i $§ it 44 s 48 e & ® e 04 = n A a0 04 s P e 40—
7 7

e e e o e o i == e e o e e ot s o s /

llhll.-l-ll.lll-clnIu.l.l.l-:lll-vl.l-o'.l:lol.l.ll..-llu..lr'..ull.!.ll...l-lu-.ln-l..l|...l.I.-l.l..ll\

Juawyaadxe Uy UOTjILWIOILP Teuyd

. [P i e — —

[ —— e ———

Il comcmsesensmensnasenassesasnnans

Q) e

J e

Q —— e ——

bo T -—

Y B YT LT Y T

SINVdIOIIuvd
juswyxedny
61 4SS 1

. 0
= 0
o k14
(11
6L
()
uyexys dooj

- 001

ZSON OF

7,CCMPAR

NAL IXPEIRIMENTAL VALUE

N 12 AT L=VZLl

eI
Tl

N FOR
WITH

ORMATIO

-

=
-

COMPUTATIONS

CLADDING D

Fig:72




0,75

0;50

e emm———
-

0,25

-

—ee-ceecee-ew- Standard power

Improved power

10

Time (s)

STANDARD POWER HISTORY COMPARED TO IMPROVED POWER
HISTORY USED IN FRETA BUNDLE COMPUTATIONS

24




122

RADIAL POWER DISTRIBUTION

0.97 0.93 0.93 0.93 0.97

0.93 1.13 1.10 1.13 0.93

0.92 1.10 1.07 1.10 0.92

0.93 1.13 1.10 1.13 0.93

0.97 0.93 0.92 0.93 0.97
ACCURACY 3 %

FIG : 74




'/rnm TC

is .drawn ko 07 mm
. dfguln be 0,5 ~
.NJaminatd 1o O4s ot mo

123

PHEBUS 218 EXPERIMENT THERMOCOUPLE TECHNOLGGY FIG :

.- - —— e -




|24

THERMAL. MESKIRG

=2 VO,
2 clad
O Fhermo couvple

MESHING OF THE PIN FOR 2 D THERMAL COMPUTATION

FIG :

76




TUERKO CoUPLE [ CLAD

[aser weld / |
Clad (Tc) Pl

MESHING

/25

Z

272,

NN

[

pai

1T

gl

”

L~

UMMM

z

NNN

RURNENNN

Z2

fnsvia [o c (Al0)

DETAILED REPRESENTATION OF THE THERMOCOUPLE FOR THE THERMAL COMPUTATION

\

Clad (rod)

FIG =77




~




12z

s

3/ ¢ 91d hzu_m.z<~= JATLVINISTYIY vV UNIYNG .
) 374N0J0WYINL OGNV .ONIQAVTI NIIMLIE JONIYIAA10 JUNLVYIAWIL WOWIXWW  INIWIY34X3 81¢ Sna3nd

NAOGAO"W
— v ‘
et ot " 2t st s e v 2 .
4 4 ¢ 4 + + + -t 4 sae
44—t bttt
™ Wil -
S AT AN
207 Y § 0.0y £ 2074 S5F | .
! . '
! _ |
| | |
" | " 1 »es
I |
| | I
: .
1 _ |
]
. ! !
. _
' — | 4-15
\ _ . 2.0¢ 2.8F
_
T o8
L T .
2L pald 3
. T 80

@ RAWUMESAL ¢







129

ZOHB<UOQHE. Ta0d ANV AIIALIONANOD ‘1ANd OL XANLS XLIAILISNAS FUNLVHAJWAL ANITUHALNAD

‘oe b {4 ‘02 ‘st ‘ot ‘e ‘0

—|< L4 v v A P v v ¥ v v v 1 v v A v — v v v - T v A 4 L
(s) supy _ :
gt uid pG 21 Wrwdx] ——r— e - -00g
_Pajipow Dypojpun newny d/s - e
paljjpow wownl (/S . —_—————
o'y vopydn
: . w N\
_— SRS ~{ *ooo0t
....... - ~ ../././
— — o s w— o & s // II- P
. e e 5 —— ‘L““nﬂéﬂbﬂkuﬁumll ,
: |liq.'.lﬂu|.“..ﬂﬂul.|ﬂ“.1ll. H 17 ]
" ¥ v
-{ *oost
N | ,ll[l.
., uw 0z9/- NOLIVAATA e
,, TNIVHIAWAL ANITHILNAD J.

FIG : 81




W
mt oK

Figufe 3.

- T

Ui tw? &t

s -

3K

"we
Pl

)——1

3 4

GAS PRESSURE NP

. H Versus Gas Pressure for Helium Atmosgfxcre
g : . A

IS:‘-'II;F Light Con*ﬁct:bm s .5‘.'9 n

Fi gure 9.

Gap Cor o‘/uc.fa’th .c-/e /'e/-m/ha 7L/°o/7

.

t

67X

!

tlop

HELIL= :
Demp » 203241 B0
U0, 202r 3

tea i

IS S S

GAS PRESSURL uapas

H Versus Gas Pressure for Helium Atmosphere

ISH-11; Dm = 21.3 um

by. T. E. Ga/'hfc_f' rrhv/f- 5655.7

4

-t

A ppvern b ae

RIT RIS
.

cat e eyt ® o

*

bo et ot ) RO
i . . X
el . .

B e b

AR s o 8 1P
BN ettt PR

T 4 AT

e 2y ————yr b

osse L msren
] oL

g st W pate, @077 ag SR T AR ey orrpa e
. . . . R LR
AL s

.rym pas:bm ol fAt'P'ﬁ"Of’ y{;Ca//fa/??I‘f’\-"f, 1;/(/f7

FIG : 82




/3

‘oe

.mm

: 83

FI16

‘ol ‘e
‘0

(87 sufL™ 1 7

Ly2)

P
2 13

0
1 >3

LYz,

SSANMOIHL dV¥YD OL
TUNSSAUA TYNUYAILNI J0 ALIAILISNAS

—{ °Oh

‘08

. 409







/32

FIG : 84

A 0e . '3 11 41 ‘0t ‘6 0,
— Y ¥ ﬂmgﬂy- \d ¥ v v T L v ¥ v T A ¥ ¥ ¥ T \J v v v 1 v ¥ v v 0
& € € € &
- 0%
dWNIOA SIHSIA OL » 1
qenssAdd IVNUALNI 40 XLIAILISNAS
-1 ‘08
g
Hvd NI nssdadd TYNHALNI L






/323

‘oe

‘g2

‘o1 g ‘0

/

(ol

O

0 Amw.. sulyy !

0
b €

AWOTOA WONI'Td OL
MINSSAUd TYNYAINI 40 XLIAILISNAS

Hvd NI JUnssddd TYNYALNT = (1)ed ﬁ

‘0h

‘08

85

FI6







