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ABSTRACT

In gas=-cooled high~temperature reactors

the fuel is in general inserted in the

fuel elements in the form of amall particles,
which are for example coated with pyrolytic
carbon. The purpose of this coating

is to keep the fission products separate
from the coolant gas. The further develepment
8f these coated particles makes it necessary
to check the retention capacity.. One
possible method of doing this is the
degassing test after irradiation in the
reactor. An apparatus is described below,
which was developed and installed in

order to meazure to a higher degree of
sensitivity and in serial measurements

the release of fission gases and sparingly
volatile fissien preducts.
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1. INTRODUCTION

It has been found in the development

of medern gas~cooled high~temperature
reactors that graphite can not enly be
used for static reacter components but
that it is ef considerable importance

in particular for the productien of new
types of fuel elements. On the one hand,
fuel manufacturers have develeoped processes
for the cladding of small fuel particles
with pyrelytic carbon and, on the other
hand, reactor fuel elements are being
manufactured by means of graphite. The
technology of graphite fuel elements

is well advanced and in course of further
development, in particular in the case

of the pebble bed reactor.

When canaidering fuel elements, intended
~to be insersed in an existing reactor.
or proposed for use in a reactor still
under development, the reacter engineer
requires in particular information on
fissien preduct release during operation.
This is of particular importance with
modern reactor concepts, where energy
conversion is planned to take place directly
in the primary circuit by means of a

gas turbine or magnetohydrodynamic
generatore .

The formula

R _ Release rate in the reactor
B Formatien rate in the the reactor




bas besen intreduced here as the characteristic
quantity for the release of a fission

preoduct. It indicates for the casse wherse

the formation amnd decay rates of the

nuclide in question are in equilibrium,

what fraction of the permanently present
guantity is passing inte ithe c@elang

a8,

A possible metheod for direct measurement
of the release rate is an experimental
irradiation in the reactor with sweeping
of the capsule. The sweep gas transports
the fission gases out of the capsule

and they can then be measured as a function
of time outside the reactor, An experiment
of this type is, heowever, very laberious
and for technical reasons may not always
be possible., A procedure has therefore
been introduced whereby the parameter

R/B can be ebtained from a pest-irradiation
investigation of the fuel element, The
method consists in heating the irradiated
element, followed by measurement of the
fission products thus released. The

basic assumption here is that the con-
tinuous release in the reactor ceases
virtually immediately on shutdown of the
latter, since the fuel element temperature
falls rapidly at the same time, Since

the release of fission products is very
temperaturedependent, it decreases with

a fall in temperature and is in general

no longer measurable below 100°C,
Furthermore; the relsase ratesg'accaptable
to the reactor constructor on safety
grounds, are very low, so that there

is no question of an exhaustion of the
amount available for release. The fuel
elesment for investigation is exposed
during the heating test to temperatures
which either correspond to or exceed

the irradiation temperature. The only
reascn for heating at low temperatures

is to bring out experimentally the




‘marked temperature~dependence of the
release of fission gases. While the
fuel with its cladding are at the set
temperature, fissioen products pass to
the external medium centinuously. These
are then removed and, shielded from the
intensively radiating the fuel element,
collected in a trap for quantitative
determination.

There has been general agreement in the
conventional heating test to the determinatien
of released xenon-133, which has played

an important part in safety assessments

for high-temperature reactors and is

easy to handle from the point of view

of the measurement technique. The test

‘was intreduced in order to provide in-
formatien on ruptured or superficially
contaminated coated fuel particles, since
these wers the principal initial difficulties
encmuntered in the production of this

fuel,

The measurement ef fission product release
was subsequently extended te coated particles
which had neither highly contaminated
_clads nor visible cracks, On the assumption

that this release was due only te diffusion,
the test could be restricted to measurement
of the xenon-133 and the release of other
nuclides estimated from their diffusien
constants. The xenon release would then
provide a true criterion for the "leak-
proef" properties of the cladding.

However, since these assum@tiong could
not be maintained and it is also doubtful
whether the ralaase of fission products
is due enly to the cladding of the fuel
particle, the attempt is made today to




measure expressly at least the nuclides,
which are of critical impertance for

safety assessments, or better still to

cover as many nuclides as pessible.

A specially medified apparatus was devaloped
in order to achieve this aim, to the :
extent possible in a post-irr diation
investigation due teo the restricted half=-

lives. The dega351ng of Xe 133 naturally
retained its importance here also as

a general behavior test for fuel elements,
since this measurement is regarded as
standard,

The development and installation of the
apparatus took place within the framework
of the THTR (Thorium High-Temperature
Reactor) project at the Nuclear Research
Plant JHlich GmbiH,

1.1 Laveut of apparatus

The layout of the apparatus was governed
primarily by the measurement requirements
and then by the factors of space and
technical availability. The measurement
requirements will be given in the subsequent
section and their implications for planning
described in predominantly qualitative :
terms. ;

The degassing experiments were to be carried
out mainly on whole spheres, namely spherical
graphite fusel elements, such as are used

in the AVR and are envisaged for subsequsnt
use in the THTR. They have a diameter

of 60 mm and contain a charge of 11,41 g,
consisting of 1,11 g uranium and 10,30 g
thorium, It was also intended that
experiments should be carried out on

loose, coated fuel particles in small




q&antitiésVabtaimed from special dirradiation
experiments, The maximum quantity of

i to 5 g, up to 50 % uranium burnup,
taken after as short as possible a decay
time, signified a maximum activity of

~ 1000 Ci during the experiment., The
furnece was therefore installed in one

of the cells ©f the "BZ III*, a laboratery
specially erected for the THTR subsequent
investigations. The maximum pessible
measursment s@ngitivity is required,
however, for the investigation ef dif-
ferent sorts of loose coated particles,
since in many cases the available particle
gquantities are small owing to the wide
range of verieties in an irradiatien
experiment. This sensitivity could enly
be obtained by eperating ocutside the

sell in traps, which accumulate the xenon-
133, and in detectors which determine

the centent. A smpecilal lead shielding N
was provided round the traps and detectora,
in order to sxclude the high and alseo
variable background activity in front

of the cells, In order to measure as

much as poessible of the accumulated
xenen=133, the windew in the trap was

made as large and as thin as possible

and sodium lodide crystals of exceptional.
quality were used fer the measurement.

The pipe connection from the furnace to
the measurement apparatus was ™~ 12 m ‘

in length. The maximum anticipated
xenon~-133 rsleasa was at a rough estimate

0.1 mm3 in 10 h. The sxtraordinarily
small quantitias, which must therefore
reach the measursment trap during the
experiment, are most simply transported
in a sweep gas., The released inert gases
become frezen on to activated charcoal

in the measurement trap at the tamperature
ef liquid nitrogen er liquid air; so

that @niy helium can be considered as

a sweep gas in this case. The activated
charcoal content in the should be kept

as low as pessible, in order to retain




faverable and constant conditions for

the gamme-radiation yleld during the
activity measurement. The helium, which
flows through the trap in large quantities
during the course of the experiment {(~ 50-
100 1/h) should be thoroughly purified,
since otherwise the charcoal becomes

coated with impurities and leses its
adsorption capacity. A further reason

for this was the fear expressed by the
particle manufacturer regarding the possible
corrosion of the cladding, if the helium
was not as pure and in particular water-
free as in the reactor, i.,e., a total
contamination ef 20~40 vpm. Provision

was therefore made in the degassing apparatus
for all the sweep gas, which is pumped
through & membrane compressor, to be

passed through a purification system befere
and during each experiment,

The degassing test was carried out at various
temperatures, For determination of the
behavior at a specific temperature, the
latter must be held as constant as possible
not only over a long period, but also

over the full geometric extent of the
object, in order to measure the release
under equilibrium conditions. The ftem-
perature must also be reached guickly,
howevey, if other processes of limited
duration precede the steady state, This

ig in fact the case with initiel dbursts,
which will be described im greater detail
below, lasting from a few minutes to

one hour. The power density, required

to raise the temperature in a furnace

from room temperature to 1200°C in a
matter of minutes, can only be obtained
with high-frequency induction heating.

It must not bé possible for any fission




products (or activation products) apart
from those carrisd by the inert gases

to leave the cell gnd pass dinto the
measurement trap during executien of

the normal degassing test, since otherwise
highly active substances would cause

by their radiation an intensive back-
ground in the neighborhood of the line
undergoeing measurement, thus reducing
considerably the measurement sensitivity.
The overall actlivity obtaining outside

the cell should be kept as small as possible,.
Furthermore, the nuclides, retained within
the cell, must be reliably trapped, to
permit their subsequent detectien and,

if necessary, guantitative measurement, ;
The components, through which the released
mixture in the sweep gas flows afterxr
leaving the hsated zone, must bs capable

ef easy replacement and removal after

each experiment. These components are

the pipe sections from the hot zomne to

the subsequent %raps din the direction

of flow of the sweep gas and the traps
themselves. Apart from the inert gases,
all fission products and impurities in
dust form, which have not been previously
condensed or become suspended during
passage, are retained in these traps.

The anticipated sample size was found

to be so great that it was necessary

t5 arrangse for an experiment to be
carried out en all available working
days, after setting aside 10-20 % of the
possible working days were reserved for
maintenance work. Since experience had
shown that insertien of the sample in.
the furnace took several hours, if it
was only carried out through a simple
screwed cover with remote conirel by

the cell manipulators, the fully automatic
remote-controlled opseration of the
corresponding processes was incorporated

w 1O -




in the furnace design right from the start.
The same applied to all valves inside

and also outside the ¢ell, A suitably
designed control system sets automatically
the preselected routine operating states,
all processes being mutually interlocked
in such a way as to exclude time~consuming
or even dangercus operating errors.

1.2 Flow sheet

A disgrammatic pilicture of the whole apparatus
has been derived from the above considerations.
It is shown in Fig. 1 in the form of a

flow sheet of the apparatus and is used

below for a description of the prlncipal
aspects of the design.,

A membrane compressor pumps the helium

in the main circuit, which before reaching
the furnace passes through the purification
and a buffer vessel. The fission products
are swept out of the furnace and the
mixture passes through a so~called lodine
trap followed by one of the two measurement
traps, before again reaching the compressor,
Helium for filling the apparatus is taken
from a compressed helium cylinder, After
initial purification it can be used at
various different points : for charging

the furnace, for charging the remainder

of the apparatus and after heating, for
desorption of the sorption traps.

The primary coolant line supplies first

the generator and then a heat exchanger,

both located outside the cell, The secondary
water circuit is designed to cover all
installations in the cell.

- 1] -




The slectronic measurement apparatus

and the high-freguency generater are
iccated eutside the cell, The escillatlng
~circuit in the cell is excited via a
‘high-frequency cable, the high frequency
voltage beling stepped down and passed
through a duct inte the box and dinte

the furnsce. -

The liquid nitrogen is automatically
diStributed between four Dewar flasks,

The furnace temperature 1ls continuocusly
measured with an automatic pyrometer and
reglstered by a recerder. A further
high=precision reference pyrometer is
installed outside the cell, to provide

an automatic control eof the measurements,

133

The lnert gases released (Xe and possibly

Kr 5) are accumulated in a measurement
trap and measured by means of a Nal
scintillation crystal,

Two single-channel discriminators are

used for the weasurement, one of which

is adjusted on the desired line in the
gamma-spectrum, while the other monitors.

the high-energy backgreund in the measurement
trap, in order to ensure that the measurement
result is not falsified by the presernce

‘of further nuclides. These two measurements
are also recorded on the same recorder

as the temperature,

2, QESCRIPTION CF DESIGN AND STRUCTURE OF THE
APEARA?@S : ,

The design and function of the individual | . |

L L




apparatus components are described in
detail belew,

Gamma~-ray shielding is ensured in the

BZ III laberatory by means of standard
concrete, the working space in the interior
of each concrete cell being surrounded

by a gas=proof steel container., A special
ventilation and air removal system operates
via a filter,; thus preventing the emergence
of radicactive, in particular a-emitting
dust,

2.1 Apparatus components in the main helium
circuit ~

2.1.1 Furnace

The high=frequency oscillatory circuit

is located outside this "alpha-ray=-proof"
box, but still inside the concrete cell.
This 4is a parallel oscillatory circuit,
~which is excited by the generator outside
the eell, It is tuned to a frequency

ef ~ 300 kc¢/s. The maximum convertible

" HF energy is 35 kW and the HF voltage
abosut 5 kV, The ceoil of this circuit

has 20 turns and constitutes the primary
winding of a high-frequency transformer.
The secondary winding has a single turn
and consists therefore of an almosi com-
pletely closed shell, The transformer
ig cast in silicons rubber, the radiation
resistance of which is sufficiently greast
to enable the oscillatory circult to

be operated in the cell feor 1 to 2 years,
The cirouit capacitance comsists of thres
ceramic capaciters. All individual com-
ponents of the circuit are water-cooled
and, in ordexr to obtain at the non-
earthed end the necessary electrical

- 13 =




intervael %to the earth potential of the
coolant network, the circuit is fed

with ceelant watsr at that point through
a 4 m hose. The latter is wound round

a plastic insulateor, so as to act at the
same time as a high-frequency choke.

The secendary shell of the transfermer

is attached directly, but in eaeily
detachable fashion, to the HF duct, leading
inte the furnace., In order to penetrate
the slpha=ray=proocf box its doors must

be opened and the whole oscillatory

circuit housing is then disconnected

and rolled aside. Hose and cable connectiona
remain in position (Fig. 2)

The intensive gammas-radiatiecen of the
fuel element leads in the vicinity of
its surface to an appreciable helium
ionization, thus necessitating a number
of compromise solutions in the power
input, In the first place the original

HF voltage is stepped down directly at

the oscillatory ecircuit to 1/20 of its
original value, so as to permit operation
with & single-turn induction ceil., Thse
lead between the secondary shell and

the induction coll must in this case,
however, be of as low impedance as possible,
i.e., must have as low as possible an

ohm resistance and longitudinal inductance.
If a determined minimum length has to

be meintained for this lead, as ls necessary
in the present case due to the furnace
geometry, twe flat leeads with high transverse
capacitance are necessary, i.e,, they

must be a small distance apart and as

wide as possible. This distance cannot,
however, be leas than 4-5 mm as a result

of the low dielectric strength of the
ionized heliwa, 8% was shown by preliminary
experiments. The gap between the fuel
element and the induction coil winding

can be increased furthermore, by accepting




an inferior coupling but filling the

gap with a solid insulator. The latter
must; however, be highly radiation=resistant,
thermally efficient - in contact with
carbon = and highly resistant to temperature
changes, since 1t extends over the range

of most intensive gamme-radistion from

the surface of the heated graphite susceptor
to the wall of the water-cooled induction
coll, With & ceil height of 100 mm and

a susceptor of equal length the heating
will remain sufficiently constant over

a susceptor length of 70 mm, Preliminary
experiments in conjunction with the generator
manufacturer, using this geometry and

a mean workpiece temperature of 1000°C,

gave deviations of ~ 20°C at. the ends.

The graphite susceptor radiated freely

in this case at the ends of the coil,
causing a rapid fall in the induced energy.
These ends were therefore insulated on

the final model of susceptoxr. Only beron
nitride could be considered as an insulator
for this purpose and for the gap between
induction coil and susceptor. Although
this ceramic material had a consistency

and strength reughly equivalent to blacke
board chelk, it fulfilled all the above
requirements perfectly. The following
detailils are shown in Fig, 3; the cylindrical
gap insulator is loosely suspended in

the induction coil, a cover rests freely

on it and a plate is held under the susge
ceptor with a thin graphite nut, This
engures that the spherical fuel element

i 8t least 20 mm distant from the
induction ceil and can nevertheless be
uniformly heated to a maximum temperature

of 2000°C, as was confirmed in preliminary
experiments. The lead to the induction

coil is as wide as the coil is high

(i.,e., 100 m} and about 500 mm long.

It is also hollow, being used for the
coolant water feed and thus itself being
covled at the same time.,  In order to

ensure the reguired precision ef the

- 15 -




coil bore and of the gap between the
lead bands and at the same time to obtain
an adeguate compression strength, induction
coil and lead weve comstructed of a single
plece of selid electrolytic copper right

up to the furnace duct. The coelant :
water pressure was 1.,5-2 atmg. The helium

pressure in the furnace could be adjusted
to betwsen 1 and S‘aﬁmg, altheugh the

furnace could alge be operated under vacuum,
A mean copper wall thickness of 5 mm was
required to take up this variable load.
An dnconsistency in the band shape of

the lead ie necessery at the gastight
furnace duct. Attempts to obtain a
hermetical seal by casting the conducting
bands in epoxy resin were unsuccessful,
Since the required seal could only be
obtained with O=rings, the band cable

was interrupted by 4 bolts, 2 for each
conductor, which passed through a Super-
pertinax cover. These copper bolts were
sealed against the cover with Perbunan
O-rings and through the bolts flowed
coolant water (a hermetical seal better

than 10™° torr * 1/e was obtained in
this way over the whole duct). The bolts
carried, outgide the furnace area,; the
“terminals for connection of the high-
frequency transformer and the screw joints
for the coolant water hoses. The in-
sulating cover was 250 mm in diameter,
since the dispersion of the magnetic ;
field of the HF lead would have heated
the metal parts in the neighborhood to
such an extent that the losses would

have been to great. The insulating
plate is comnected with a flanged ring

by casting with epoxy resin. The latter
is water-cooled and screwed inte the
furnace container with sealing by means

of an QOering. The induction coil together

with insulator, lead and cover form a
single unit, which can be replaced as
such., Since these components become




severely contaminated from the furnace
interior, replacement is effected by means
of the plastic bag technique, which is
normal in hot cell operation. The bag

is secured by a crimpel flange surrounding
the cover. The most important maintenance
work on the furnace can be carried out

in this way without opening the alpha=
ray-proof box (Fig. 4).

cut by
terch

Fig. & Extr action of the induction coil

The helium-proof furnace container is
constructed entirely of chrome-~nickel

steel (V24), which has three properties
absolutely essential for this purpose.

It is paramagnetic, so that the electric
losses due to the dispersion ¢f the in-
duction coil at a small distance from

the furnace wall remain within acceptabls
limits, It is largely corrosion-resistant;
the rust-free properties of the material
are of particular importance for maintenance
of the helium atmosphere, while the more
general corrosion-resistance is a favorable

- 17 =




factor should any decontaminatlion be
required. It can be rolled to a pore-
free state, is alse capable of cold-
working and can be relatively easily seal-
welded, 1.8., it is very suitable for

the construction of a helium container

of bhigh hermetical properties.

Packings where necessary consist of Perbunan,
which is relatively radietion-resistant

but only tolerates a maximum working
temperature of 80°C. All furnace components
are water-cooled, in order to maeintailn

a controlled temperature throughout,

One branch of the coolant water circuit
supplies the lower cover, whille another
flows through the upper cover, the casing

¢f the furnace container and the casing

¢f the plpe carrying the inspection window,
This window consists of quartz glass

and, in conjunction with two openings

in the induction coil and the susceptor,
permits direct observation of the heated
object and measurement of its temperature
with the pyrometer. The axis of observation
through the window of the hot cell is
approximately at eye height, which permits
also @& favorable position for the reference
pyrometer outside the cell, The quartz
window is located 500 mm distant from

the heated parts, in order to be certain
that sparingly volatile substances 4o

not strike againat 1t, since even in

very small guantities these would adversely
affect the pyrometric measurement. The
window is also screensd by a plate diaphragm,
which is folded aside electromagnetically
only if so required, so that one can it
necessary heat under vacuum., The window

is slightly heated from the outside by

a hot air straam, in order to avoid the
formation of condensed water which in

a humid atmosphere would be precipitated
over the whole furnace. The window can

- 18 -




be replaced by remote control by means
of the manipulater,

The purified sweep gas reaches the furnacs
at the upper cover (III)., Since it can
only leave the furnace via the lower

cover (III), it flows through the pyrometer
opening into the suscepter and further
through its hollow stem into the pipe
system at the lower cover. In this way

it sweeps the releaged fission products

out with it, The suscepitor stem serves,
therefore, mnot only as a mechanical carrier,
but alsc as a means of conduction and

a first condensation sector for sparingly
volatile fission products, since it covers
from the full annealing temperature down

to the ccolant water temperature (~ 30°C)

in the lower ceover, at which peint it

fits tightly inte a cone. The basic
features of the furnace design are thereforse

directed at obtaining a complete separation

of thermal insulation and hermetical
sealing, all detachable sealing eslements
being arranged so as to permit cooling
and separation from the hot points.

The lower cover of the furnace is adjustably
secured to a bracket, which can be moved
upwardes and dowanwards by a pneumatlically
operated cylinder. In the upper position
the susceptor is lecated in the induction
coil and the cover with its O-ring is
pressed flush against the furnace (this
situation is shown in Fig. 3). In the
lower position the upper end of the susceptbor
is abeout 150 mm below the lower furnace
opening (Fig. 5). This position is used
for charging or for complete replacement

of the susceptor, if it is desired to
determine the sparingly velatlile fission

19 -



preoduct content in its interior. After

the charged sweep gas has passed the
susceptor stem, it flows through a 4 mm
diameter pipe into the iodine traps.

This pipe section is also easily replaceable,
to permit its examination for condensed
fisslan products, :

- 2,1.2 Iodine traps

o o e e G G v @ S98 GE

After detailed preliminary experiments
the following design was adopted for

the iodine traps the sweep gas enters
from below (III, Fig. 3) and passes first
of all through a sintered bronze filter
(*Poral®) and a copper scrap packing.

The corrsésponding zone of the brass pipe
is cooled by fixing the pipe at this
point in a very accurately dimensioned
water-cooled copper block (II, Fig. 3).
The extremely fine (2 m filter gap) Poral
filter is firmly pressed in so as to

make a geod thermal contact with the
brass pipe. This ensures that the sweep
gas, which cannet flow in laminar fashion
either through the filter or through

the copper packing, is cooled at latest
at this point to coolant water temperature,
i.e., 25-=30°C, All fission products,
capable of being condensed on the metal
surface, are retained, The sweep gas
then passes through a further Poral filter
(as above) into an activated charcoal
packing, which is closed with a graphite
felt plug and a third Poral filter.

The graphite felt prevents the activated
charcoal dust from the sweep gas being
pressed on to and into the Poral filter

and blocking it. The remaining iodine

is retained in the activated charcoal
packing., Howevar, since the xenon would
also be delayed here at room temperature
for about 20 min, the cerrespsn&ing pdrt




of the brass tube, and thus the Poral
filter and the charcoal packing contained
in it, are heated teo 100°C,  The xencon

is now delaved only approximately 1 minute
and the retentien capacity for lodine

is virtually no worse, as was demonstrated
in corresponding experiments in hot cells
at Wirenlingen, The packing was heated
by fixing the brass plpe in an electrically
heated copper block, again of exact dimen-
sions (10, Fig. 3). The final element

in the circult is an absolute filter
(Fibverfax) inserted in the gas flow,
which is held between filter papers under
the pressure of a spring. The last ar-
rangement was Tound to be necessary in
order %0 prevent even very small guantities
of charcoal and graphite dust, charged
with active substances, from entering

the subsequent pipe system and measurement
traps. Six of the ilodine traps described
abeve were arvanged in succession, in
order to be able to use them separately
in experiments or in temperature stages
during an experiment, The gas flow could
be controlled as desired by a valve behind
each trap. The traps could be replaced
by means of the cell manipulator and

were connected to the pipe system by the
simple plugging in of a double O-ring
packing inte an easily accessible socket,
They were held in position by the clamps
of the cooled or heated block, The traps
themselves could after replacement bs
removed from the cell and emptied by
releasing the screw mechanisms on both
sides and pressing out the filter packings
with & suitable device, They were packed
80 as to fit the sample changexr of the
gamma-spectrometer. The carrier tube

was decontaminated and refilled.

The whole furnace described above with
all its component valves and pipes forms
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from the point of view of apparatus design

a single unit, It stands with its adjustable

base frame on the bottom of the alpha-box,
i.e,, at about table height, With the
casclillatory circult disconnected and

the box gate opened the furnace is freely
accessible in the gate opening, but in

such a way that the box itself is still
accessible, All important parts are

arranged in relation to the cell window

in such a way that they are visible and

can if necessary be reached by the manipulators

(Fig. 5).

A diaphragm pressure manomeier, shewing
the helium pressure in the furnace over
a measursment range from =1 to +4 atmg,

is attached to the upper furnace’ cover.,
A Penning measurement tube was also attached
at the same point, permitting pressure

measursments down to 107 torr. To the
gside, on the lefi looking from the cell
window are located pneumatically controlled
valves fer the helium circuit. They

are designed so as to be operable with

the manipulator in case of failure of

the pneumatic system. These valves (nominal
width 10) were specially developed for

this apparatus.

The pips from the furnace body to the:
vacuum pump on the cell roof is blocked
off by a ball valve of nominal width 40,
controlled by an electric motor, which
is also pressure-tight, A vacuum filter
prevents radicactive dust getting into
the pump.

The sweep helium with the residual fission : v
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gases xenon and krypton, after leaving
the furnace unit, pass out of the cell
into the measurement traps, which are
reached about 1 minute after passage

of the heated sample. The relevant pipe
system and all further pilpes, through
which helium passes, have a nominal width
10 and are constructed of chrome-nickel
steel (V2a),
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The design of the measurement traps is
based entirely on the need for a good
counting yield, i.e., on the semsitivity

of the instrument as a whele. The xenon
(and with it the krypton also) is condensed
on activated charcocal at the temperature

- of liquid air. The gap between the activated
charceal packing and the measurement
crystal must be kept as small as possible
in erder to retain a faveorable counting
geometry, and the material betwsen charcoal
and crystal must be of minimum density

swing to the seft radiation of the Xel
(81 keV). The charccal layer between
the point at which the xenon is adsorbed
and the measurement crystal may not be

too thick and the eounting geometry should
not be too greatly affected by the locatiocn
of xenon cendensation on the activated
charcoal. ’
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All the above conditions, cryetechnical
considerations and production factors

ave rise to the design described below

see also Fig. 7). The gas mixture reaches
' the trap through a 300 mm thin-walled

(0.2 mm) chrome-nickel steel pipe (the
outlet pipe being of identical construction).




The. conduction of heat from outside the
pipe system to the coeled components

is kept as small as possible by this
means, Inside the trap a Poral filter
(similar to those in the iodine traps)

ié pressed into the pipe in front of

the carben layeyr, emsuring full cooling

of the gas and diffuse distribution over
the adsorbent layer. It provides at

the same time the upper geometric demarcation
of the activated charcoal. A few layers

of ultrafine Tfilter Tlesce prevent the
dusty fractions of the charcoal penetrating
the Poral filter (although the charcoal

is carefully sleved intc fractiens and
rendered dust=-free prior to charging :
inte the trap, small quantities of chaxrcoal
dust are produced during opesration as

a result of the temperaturs altarnation)
Adsorption of xenon-133 on activated
charceal particles inside the sintered
bronze of the Poral filter would falsify
the measurement result, since a proportion
of the soft radiation of the xenen would

be absorbed. The carben layer is 3 mm
thick in the direction of gas flow and

bas a diameter of 20 mm., This cerresponds

to a piled volume of approximately 1 cmB,

the particle size being about 0.2 mm,
In consequence the sweep gas flow in
the charcoal packing is not laminar at
the given througnput. With an active

surface of 1400 m /msl (Desorex F), the
wheole filling i3 capsble of adsorbing

a multiple of the expected quantity of
xenon and krypien (th@ trap enly becomes
charged with small quantities of impurities
due to the high degree of purity obtaining
in the circuit). The lower boundary

of the charceoal layer is a fine (0.05 x
0.05 mm mesh) V2A-gauze, through which

the helium leaves the layer and flows
radially out through the external housing
of the trap., An ulitrafine fleece paper
filter inm front of the gauze agalin ensures
that no carbon dust sscapes. The external
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houvsing of the measursement trap is closed
at the lower end with a welded cover,
containing a finely machined window 0,25 mm
thick and 35 mm in diameter., The whole
trap, whieh di8 suspended in a wmetal Dewar
flask of 3 1 capacity, is concentric with
the flask at the lower end and 2t a 3 mm
distance from the base of the flask.

The bese of ths double-walled brass flask
contains also two finely machined (0,3 mm)
points at a distance of 10 mm apart as
windows for the gamma-radiation., The
hermetical sealing of the Dewar flask

ia advergely affected by the presence

of these windows and the marked alternation
in the thermal siress to such an extent

that a minimum of 10“& torr must be con-
tinuously pumped out of 4it, in order

to maintain an adequate vacuum, If the
vacuum were not maintained, an ice layer
would in course of time form on the vessel
and also on the windows, which would

both increase the absorption of the gemma~
radiation for measurement and at the same
time desitroy by excessive ceoling the
measurement crystal, attached in the
immediate viecinity (3 mm). As a further
precauition dried compressed air can be
continuously blown between the crystal

and the external vessel window, to form

a "heat cushien®.  The detector (referred
to up to now as the "measurement crystal®)
is a complete "integral-line® detector,
consisting of a sodium iodine crystal

lé inch in diameter and 1 inch thick,
permanently connected with a photomultiplier;
the whole unit can be plugged in to a
preamplifier. Thse complete detector

is clamped in a plasitic mounting, which

is ageain coaxially connected with the

Deway flask in easgily detachable fashion,

by screwing into a plastic intermediate
piece, secured to the Dewar flask, This
means that in ceonjunction with the centering
part of the replaceable xenon trap a
properly reproducible geometry is obtained
for the whole unit.
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A slit is provided in the plastic inter-
mediate piece betwesn Dewar flask and
‘detecter to permit the Iinsertion of an
also geometrically designed preparation,

in order to check the functioning of the
electronic measurement system before

and during each experiment, Preliminary
experiments have shown that the exact

point on the activated charcoal layer,

at which the xenon is adsorbed, is un-
important in the case of the present

overall geometry. This has besen demonstrated
by measurements with suitable flat- and
point-shaped preparations, which were
positioned on the axie and &t the boundaries
of possible adsorption zones,

The arrangement described above and shown
in the figure is full duplicated, so as

to have a fresh itrap available after a
burst., The two traps with the Dewar flasks,
etc,, are surrounded with a 5 cm lead
shielding, in order to maintain the back-
ground at a constant low level (~0.2 pulses/
sec). The common front wall ef the lead
shielding ¢f the two traps can be pushed
aside on rollers for insertion of the

test preparaticn referred to above or

for maintenance of the electronics.
Desorption of the measurement traps is

in general carried out with hot helium,

the liquid air beimng removed from the

Dewar flask for this purpose (with an
ejectre pump) and helium passed via a
heater through the trap into the waste

gas pipes (see flow sheet, Fig. 1; flow
path through valves 14, 48 or 13, 49).

The trap 1s in this case heated to

~ 90=100°C and the temperature maintained
for some 10 min., The adsorbed inert

gases undergo desorption without residue,
as can be observed directly by means of

the measurement system. In order to ensure
that the activated charcoal has retained
its full sorption capacity, after a few




experiments and before starting a new
series after a long period out of action
the easily exchangeable traps also undergo
desorption at 250°C under vacuum, thus
ensuring removal o¢f even very firmly
bound water and hydrocarbon residues,
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The sweep gas passes directly from the
meagursment traps to the compressor which
drives the helium circuit. The components
which lmpede flew in the helium circuit

« such as the helium purification system,
measurement traps and in particular the
absolute filters after the iodine traps

- cause & considerable pressure drop,
amounting with a throughput ef 100 1 He/h
to about two atmospheres. At this throughput
the compressor requires 1 atmg inlet

pressure, to ensure that j} atmg pressure

obtains in the furnace. A small membrane
compressor was found satisfactory for

this purpose and for the purity requirements
of the apparatus. The membrane conslsted
of chrome-nickel steel plate 250 mm in
diameter., The deflection of + 1.5 mm

is so small that a high service life

is obtained.  The membrane ls operated

by an oil hydraulic system and is insulated
against the surrounding atmosphere with

a triple O-ring packing, so that the

compressor leak rate is lesse than 10~8 torr -
1/s. The compressor was specially produced
by the manufacturer to meet the required
condltions.

The next stage after the compressor is
helium purification. A zeolite trap



is used first of all, for adsorption
of coarser impurities - in particular
water and hydrocarbeorns. Adsorption is
carried out at room temperature and
desorption at 200%2C, the latter by passing
hot purified helium through the trap

into the waste gas pipe with constant
monitoring of ths temperature in the

trap. (The design of the zeolite bed
corresponds in all details, with the
exception of the precooler, to the activated
charcoal bed, which will be described

in greater detail below.) ,

Further purification is obtained in an
activated charcoal trap, in which adsorption
occurs at the temperature of ligquid nitrogen
and desorption at ~100°C, The design

may be seen in Fig. 8., The helium flows
initially through a coolant coil in liquid
nitrogen, in order to ensure that it

is fully cooled befors reaching the activated
charcoal bed, Thig avoids the possibility
that only parts of the dctivated charcoal
should have rsached the reguired itemperature
owing ¢ the poor thermal conduction

of such a loose filling {this applies

in principle also to the desorption process).
As in the case of the measurement trap, :
a sintered bronze filter (Poral) is pressed
into place under the filling for coocling

and diffusion of the gas stream. The
activated charcoal bed consists of Desorex

F 12 with a particle size 0,.5-1 mm,

After leaving the activated charcoal,

the helium passes through a further sintered
bronze filter which retains the dust, ALl
pipes, extending into the liquid nitrogen,
have a finely machined sector in order

to maintain the thermal conduction at

a low level, The Dewar flask is constructed
of chrome~nickel steel and welded, 80

as to withstand higher temperatures (up

to 250°C). It need therefore only be
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emptied during desorption of the trap

and does net require removal. The helium
leaves the trap above the large screw
joint (metal packing) through which the
filter filling is introduced, and flows
aleng a choice of iwo paths through a
water-permeated heat exchanger. The
purpose of this during normal operation
{direct passage) is to protect the packings
of the following valve (pneumatic ball-
cock) from excessive cooling due to the
cold helium and the thermal conduction

of the pipe system. The heat exchanger
warms the helium in this case by means

of the "coolant watsr® (18-25°C). During
cleaning of the trap, on ths other hand,
i.8., during desorption with hot helium,
it acts as a cooler, preventing excessive
heating of the electromagnetic valve
packings (the movement path being via

the ceoiled pipe in the cooler into the
waste pipe). For purification of the
trap the helium is heated in a heater
(Fig. B upper left), consisting essentially
of a narrew gap betitween an external pipe
and the casing of the heat conductor,

The whole arrangement is bent inte a
U=~shape in view of the varistion in ;
the thermal expansion of the two pipes,
The temperature at the end of the packing
is measured with a resistance thermometer,

The purified helium flows out of the
purification traps into a buffer vessel,
which it agein leaves vie a needle valve,

- used for adjusting the throughput.

The throughput is again measured befors
reaching the furnace, immediately after

the needle valve by means of a rotameter

- for an immediate reading after adjusiment
ef the throughput - and then slectrenically
with a debimeter, in order to be able

to record the sweep gas flow. All com-
ponents of the sweep gas circuit outside
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the cell are - 1like the furnace = combined
in s single unit from the point ef view
of apparatus construction. They are
mounted on a frame, encleosed in a gas-
proof (beta-technique) shoe box. This
is intended to faclilitate maintenance
work, even when the interior of the ap-
paratus was contaminated, as can occur
with overloading or incorrect operation

of the icdine traps. The bex is connected
to the cell waste ailr system and is thus
continuously maintained at a slight vacuum.

2.2 Ancillary devices

Various ancillary devices are required
in addition for operation of the main
helium circuit (see also Fig. 1).
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The required quantity of helium is taken
from a gas cylinder (purity 1 99.995 %).
In erder to cobtain the mean raguired

30 vpm impurities and thus as complete

as possible an absence of oxygen, it

is passed initially through two purification
trape of similar design to these 1in the
circuit (@h@sa trapes themsslves undergo
desorptien by the passage through them
of a highly pure, heated helium from

a special cylinder). After purification
the helium is used for charging the plant
and for purification of the other traps.

o ‘aus s e e

2.2,2 Yacuum

Air penetrates the furnace during charging.




To presvent this air beling swept into the
purification traps, the furmace is evacuated,
refilled with purified helium and again
evacuated, prier te comnection in the

main helium circuit. A twe-stage rotary
slide valve pump ls used for this purpose
and a large heatable zeolite trap is
incorporated between the pump and the
furnace to prevent access of all the

pump vapors (water and hydrocarbons)
te the furnace. A vacuum of 10-2 -

@
1677 torr is thus obtained in the furnsce.
The pump and the zeolite trap are located
on the cell roof and the waste gas from
the pump le passed back into the cell,
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The compressed ailr required for different
purposes is taken from an existing network,
sufficient compressed air being stored

in a storage tamk to permit at least

one experiment to be comcluded in case

of netweork failure. The air for the

heat cushion in the measursement trap

is dried and that required for the pneumatic
serveosystems ls filtered and oiled.

The electromagnetic control wvalves for

all pneumatic c¢cylinders in the cell ars
located ocutside the cell on the cell

roof, VWaste alr from these is also passed
back into the cell, to prevent the emergence
of any contamination via the plston rods
into the pistens and thus into the pipe
system,
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The iiquid nitrogen for a four Dewar
flasks is taken from a 100 1 sltorage
contaeiner. It is pumped undex slight
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excess pressure (0.6 atm ) via a pipe

network (steel pipes with Armaflex foam
insulation) and four pneumatic cryovalves

to the site of use. The liquid level

in the Dewar flasks is maintained autematic-
ally.

R 2 5 . Coolant wabter
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Virtually all th@ energy converted into

heat in the apparatug, approximately

100 kW at full furnace power, is removed

by water coocling. Two water cooling systems
are used therefor. Thse generator and

one heat exchanger are cooled from the
water mains. < The heat exchanger then

serves as & cooler for a closed secondary
circuit, serving all furnace c¢omponents,

the iodine traps and the small heat
exchangers in the purification traps.
The whole secondary circuit is constructed
completely of stainless stesel, in order

to prevent corrosicn damage. The water

is circulated by a centrifugal pump.

The individual branches of the circuit

are separated on disconnection of the
-system &t a peint 8%ill outside the cell

by electromagnetic valves in the inlet

and return pipes. In the case of pipe
rupture, i.e., with a rapid pressure

loss, this disconnection occurs automatically,
thus ensuring that only small quantities '
of liquid can escape into the cell,

This is necesgsary,; since the relevant

cell serises is not designed for direct
contact with liquids.

2.3 Electrical eguipment

o ano s dum o e G e S

2.3.,1 Gsnerator

The high-frequency current for the furnace : : .
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is generated by a single~stage thermionic
‘generator. The (already described)
oscillatory clircult is located directly
adjacent to the furnace inm the cell,

while the generater, exciting the circuit,
is mounted outside the cell. Oscillatory
circuit and generator are therefore connected
by a 10 m high-frequency cable. The
positive bias potential is produced in

the generator by a built-in high-frequency
transformer with a variable coupling..

In conseqguence the inductance of the
oscillating circult is not distributed
between the generator and the oscillatory
ciyeuit unit and the high-frequency cable

is therefore loaded with minimum power

and dees not require cocling. The generator
power is regulated by ites d.c. voltage ‘
supply, which is generated with a mercury
vapor thyratren in three-phase full-wave
rectifiers. The d.c. voltage is cut

in with the thyratron and regulated by

phase intersection control, thus stabilizing
the d.c. voltage at the same time, The
transmitting tube in the generator has
direct water cooling, while all other
components are cooled indirectly by means

of an alr cooler.  The generator produces

35 kW high-frequency power at 300 kc/s.

2,3.2 Measurement electronics

The electroniec system for determination
of the activaty, accumulated in the measurement
traps, is designed as follows ! sach

of the two measurement traps is fitted
with & detector, consisting of & acintil-
lation crystal {(Nal), photomultiplier
with high-veolitage curremt supply and
preamplifier. If desired -~ depending

on which measurement trap is used = the
signal from the particular detector is
connected to the main amplifier (see
circuit diagram below).




Preamplifier Single~channel
, E discriminator

Mein amplifies|’

Rate meter

Mo =
E& ‘
‘ HY
 'High voltage '
rhotomultiplier Pyrometer

Nsl crystal

‘Fig. 10 Measuremeht electronics, diagram

This main amplifier is a linear, low-drift
amplifier, adaptable to the impedance

of the signal line, producing a 1l6=fold
amplification. It divides the signel:
‘between two parallel single-channel dis-
¢criminators, having windows which can

be adjusted according to the position
(energy) and in symmetry with this according
to the width of the signel. These are
followed by linear rate meters, the readings
of which are recorded together with the
temperature by a potentiometer recorder.

The general practice is for one branch
to monitor the intensity of the desired




line {xenon-133 or krypton-85), while
the other monitors a wide range of the
high-energy background (e.g. that con-
taining the icdine-131 energy). : .

Serious difficulties cccur il the sensitive
measurement electronic system is operated
in the immediate meighborhood of the
running generator (35 kW at 300 kc/s).

All control lines must be blocked at

the generator and the control device

with lead-in capacitors. All voltage
supply unitaz for the electronic system
were provided with low-pass filters and

the generater had an extremely low-inductance
earthing system.
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In order to permlit rapid and routine
operation of the apparatus, all operating
states were contrelled and meomnitored
from a central control panel. The inter-
locking of individual states in this control
panel was sufficient te prevent incorrect
operation which might have serious con-
sequences. The control panel was designed
s0 as to show on its front side a circuit
diagram of the essential elements of

the apparatus, important functions belng
indicated by pilot lights and illuminated
arrowe (Fig. 11). It is thus possible

to ses at a glance the imitiation eof
individual operating staetes, which are
preselected by means of press buttons.

A diagram ef the interlecking system

i8s8 shown in Fig. 12, The main switch
disconnects the whole plant from the
network (3 x 380 V three-phase current,
100 kW) and is only opened for purposes
of repair. A key-operated switch on the
control panel connects the electronic
avatem and provides control voltages




for the power relays., All further operating
states can only be obtained when the

primary coolant water and secondary

coolant circuits have been cut in,

The pressure in the primary system, which
built up against a Pitot tube at the

outlet, was monitored and amounted to

at least 2.5 atmg. This pressure monitoring

ensures the correctness both of the through-
flow and thus the coolant circuit and

alse the pressure gradient te the secondary
circuit, which should be a maximum of

2 :5;’cm;g internal pressure. The pressure

in the secondary circuit was maintained
‘between this upper limit and a lower
limit of about 1.5 atmg and automatically

monitored. Pressures in excess (penetration
of primary water, steam formation or
excessively high filling pressure) and

also below these limits (pipe rupture

or insufficient filling) causes immediate
disconnection of the sgecondary circuit;

all subseguent operating states in the

- sense of the interlecking plan are then
disconnected and the secondary circuilt :
itself is divided inte several independent
sections (see Fig. 1 and in text 2,2.5).

The pressure gradient between the primary
and secondary coolant water circuit ensures
‘against the penetration of contamination
into the primary ccolant water pipe and
thue inte the outlet channel. These
precautions obviate the need for monitoring
or processing large quantitiss of water,
When both coolant systems are runaing,

it is possible after releasing the interlock
by means of a keyv-operated button either

. te connect individual elements of the '
plant at will, which is a requirement

for test and maintenance purposes, or

to arrange mutual interlocking of the

five routine operating states such as




charging, evacuating, eteg, and
cennection in delayed saquénce.

The desired operating state is selected .
bygthﬁUappf@prﬁat@lywm&rk%ﬁ?ﬁreasvbuttanyf
the previous state being automatically .
‘diggqnnectéda“ After cadélay of approximataly

,‘f edin@ tr&p in thé h@lium circuit
has been ‘eut . in.w Aamaasuxsmgnt trap;

supély ;5 thé‘furnase can ba cut in,
provided that the: g@nerataf hasg been
preheated for 6 min (operating state~

IIT)e-
Jctad in the yasltion ”Evacuaticn”f
for short -term -heating - under vacuum, .
Failure of even one phase from the network
supply causes disconnection of the whole .
apparatus, which will not cu$ dn againi
autematically.,w» T b

All valves are closed in the current-less
state. The thermal capacity of the coolant
circuits is in all cases adequate to
prevent damage, should the coolant water
supply be disconnected at the same time

as the power supply. A number of operating
data such as the helium. throughput ~the
tam9eratur@s of the iodine traps and .
coolant wat@r't@mpexaturag at sever&l
points were recorded by .an operational .
data recorder during each experiment,

so that the operator had available continuaus
infermation on the conditions . at all
technically critical peints.
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3.  MEASUREMENTS

3.1 Svstematic sequence of a measurement

The gamma~radiation measuring device
wvas guanititatively calibrated for the
nuclide requiring %o be detected.  Since

xenon-133 4is not avaeilable 4in quantities
sufficient for calibration, thulium-170
was used, which at 84,5 keV has a peak

in the immediate neighborhood of xenon-133
at 81 keV, A weighed quantity of the
calibrated solution was evaporated on

to the window for one measurement trap.
"The window was inserted, like a complete
measurement trap, in a centered position
-on the base of the Dewar flask. The
gamma-radiation now passes through all
three windows {(in one case a measurement
trap, in two cases a Dewar flask and

falls on the sodium iodide crystal.

The calibration is based on the ratio

of the calculated (actual) and measured
activities. It compensates not only

for the window absorption and geometry

but also for the characteristics of the
detector. This calibration is combined
with a calibration using another preparation,
which can be inserted in the slit between
detector and Dewar flask, the geometry
being in both cases reproducible. The
calibration can thus be checked during

the measurements also.

The apparatus is in general held ready
calibrated and with the electronic system
in operation. In the "Charge" position
the furnace is opened and the spherical
fuel slement or a crucible with coated
particles positioned on the lower part

of the susceptor, which is then closed.
After closing of the furnace the system
is switched to "Evacuation" and the Dewar
flasks for helium purification are filled




with liquid nitrogen. After 10 min a
further helium sweep is carried out (filling,
evacuation) and after a second, longer
"BEvacuation", the system is switched to
*Charging®”. The furnace is now slowly

(30 min) charged with helium which has
been adequately purified by the slow
passage through the inlet purification
system, During this peried the main
helium circuit is already running on
helium purification with furnace bypass.
In the "Hesating" position the whole helium
" gontent in the plant is pumped at a higher
throughflow rate past the measurement _
traps (bypass) via the helium purification
systew.  Circulation of the complete
charge lasts about 10 min and purification
is continued for several hours. - The

- Dewar flasks of the measurement traps

are then filled with liquid nitrogen

and the gas stream passed through the
measurement traps at 50-100 1/h, so that
the zero effect is recorded in the measure-
ment traps feor 1 h.  The high-frequency
supply ‘is then cut in and heating begins,
The required temperaturs is reached after
a few minutes (approximately 5 min from
room temperature to 1250°C),

Fig. 13 shows a disgramatic representation
of the curve recorded., The activity in

the trap rose steeply almoest immediately
after the start of heating and then rapidly
flattened eut, This has led t¢ the phencomencn
being known as a burst, It lasts for

a few minutes, less frequently for up

to 1 h, The temperature seét was maintained
#ntil the release rate reaches eguilibrium,
i.se., @& linear rise in the curve.,  The
latter was maintained sufficlently long

for the mean sloepe ef this activity increase
to be accurately determined and the next
temperature reguired in the particle
specification was then set and the procedure
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repeated. Fig. 14 shows two curves from
actual tests. Heating lasted up to 20 h
at two to three temperatures and on con-
clusion of the measurement the susceptor
together with the sample was cooled for
approximately 20 min., The helium was
then released from the furnace « "Emptying"
=~ and the furnac& cpened in the "Charging®
position.

The sample is removed and the susceptor
packed with minimum contamination in

a hermetically sealed container, using

a clean insert in the claw of the cell
manipulator. If sparingly volatile nuclides
are to be determined, the pipe connection
from furnace to iodine traps and the
iodine traps themselves are replaced

and hermetically packed in the same way.
~All these components are transported

to another cell for gamma-spectrometric
investigation er removed from the cell,

The measurement trap undergoes desorption,
while the apparatus is receiving a new
charge.

3.2 Evaluation

The following procedure was used for
evaluation of the measurements. The
release of fission gases was defined
as the ratioc

R ol Release rate in the reacter

G

B Formation ?ate in the reactor

R is the variation in the number of atoms
of a nuclide present in the cladding
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as a 'function of time, this variaetion . ¢
bedng due tolaproportioniof the muclides:
leaving the ecladding. Formation and o/
decay rates are regarded in this case

as being in equilibrium . .

dN{t)

R

The formula in th@ case of a radloactiV@
nuclide is

a=NAX
R.= ..l- -é-g-

in‘wﬁiéhlhf, is thefactiv1ty in decay incidents/
o gec and

i the decay constant of the nuclide.

The activity is the parameter, which 1is
accessible to measurement; since the
released atoms accumulate in the measurement
trap, by recording the: counting rate. L.

as a function of tims the measmremant
yields the direct quantity : ¢

~in which I' is the counting rate in pulses/sec

and f 4is the calibration factor of the
, measurement system and the gamme-ray
. yield of the nuclide,
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With a constant release rate, therefore,
such as 18 reached after a short experimental
period, the following formula applies

R = . Al 1

AT xT

In order to use the result of the heating
test to predict the release rate of fission
gases during reactor operation, the number
‘of atoms of the nucliide in question is
related to the time of reactor shutdown,

If a time tl has elapsed prior teo executien

of the annealing test, the following
formula applies

XH
R oy AZ g e
‘ AL 2o f

where B is the number of atoms of the
nuclide in question, produced during
irradiation in a unit of time, It is
obtained from the number of uranium-235
atoms present at a particular point in
time.

B = Njass 6 éﬂq

in which B is the productien rate,

NU235 is the number of uranium=2<235
atoms, ‘
df is the fission cross- section of
; the nuclide,
gth is the thermal flux
and &  is the fission yield of the

nuclide,

With a uranium-235 batch of determined weight
we obtain




N

B= o g -G, - £
Ay-zss U-235 °F ¢rh

in which NL is ﬁhe Loschmidt constant,
A 1is the atomic weight
and g  the ﬁeight in grams,

The weight of the U235 batch is corrected
from the burnup obtained at the time
of reactor shutdown.

The value R/B is meaningful, if at the

time relevant to the degassing test, i.e.,

at the time of reactor shutdown, an equilibrium
obtains for the nuclide in question between

its formation rate B and its decay rate,

The particle concentration within the

cladding is then constant as a function

of time and the release rate R is a function
only of the temperature amnd the quality

of the coating.

The result of the degassing test is normally
given in the form of the value of R/B,

To permit easier comparison of the release
phenomena occurring with different samples,
we determine for striking points on the
recorded curve at corresponding times

t the value

N

F{r
P =
: ges
in which
Nepy = —t
F(r) f-2
-2t
N =388t !
and ges 2

NF(t) is therefore the numbex of atoms
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of the nuclide in guestion, released
during the experiment at the time t of
the measurement and Nges is the total

number of atoms of the nuclide present :
at a time t, after reactor shutdown (normally

a few weeks) which is assumed to be constant
for the measurement period (a few hours).

3.2.1 Fission gases

The evaluation of the measurement will
e described on the example of xenon-133,
gince this fission gas is normally used
for measurement in the heating test.

The required formation/decay equilibrium

of its precursor 1133 (half-life : 21 h)
is reached after 3-4 days. The equilibrium

for Xet3> itself (half-life: 5.2 days)
is reached after 20«25 days dirradiation,

Xenon is therefore well suited for the
degassing test in view of the irradiation
‘periocds of reactors, normally of the
order of months.

The calculations required in order to
obtain R/B and the F(t) values are carried
out on a special calculation form, in -
which the following symbols have a slightly
modified significance 3

R = the recorded pulses per second

I .
fE = the calibration factor.

Fig. 14 shows the original curves from
two tests. The relevant calculating
forms and the corrssponding F(t) curves
are shown on the following pages.
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After leaving the heated zone of the
graphite susceptor, the sweep gas becomes
cooled.  The lower furnace cover, in

which the susceptor stem is inserted,

is water-cooled., The subsequent connecting
pipe to the iodine traps is at room
temperature and the first filter zone

in the iodine ftraps is again water-wooled,
Pagssing through the above zones with

the sweep gas (in,the same sequence),

the sparingly volatile fission products
are condensed (a common term, namely
"gsolid fission. preducts™, is not used
here; since neither iodine nor cesium

are solids at room temperature). All
elements, apart from the inert gases

xenon and krypton and the sweep gas helium,
are trapped at latest in the iodine trap.
In order to determine the total quantity
of a sparingly volatile nuclide released,
we need only determine the overall quantity,
irrespective of where it is condensed.

It is therefore necessary to examine

the susceptor stem, the subsequent pipe
svstenm and the iodine trap packings.

This is done by means of a gamma-spectrometer,
The stem is stripped down, the interior

of the pipe system 1s subjected to chemical
decontamination (by surface etching of

the metal or by an ion exchange process)
and the solution obtained is alsoc analyzed.
In emptying the iodine traps the contents
of the cooled and heated zones are kept
separate, A number of samples are thus
obtained with suitable geometries for

the gamma-gspectrometer, which are then
packed individuelly in plastic bags for
insertion by the sample changer. The

sum ©f their activities yields - taking
inte account the calibration of the
specitrometer - the total activity. A
modern high-resoclution spectrometer with

a semiconductor detector permits the
simultaneous detsrmination of all the
nuclides with which we are concerned
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{fission products, e.g.
products, e@.g. silver}.

cesdium, and activation
Fig. 20 shows

by way of example the sgpectra of two

f£iliings of an iodine trap. The disadvantage
of this measurement procsdure is that

only the total quantlisy of a nuclide,

raleasgsed during an experiment, can

be determined. An atvempt ig therefors

beling made a4t the present time to show

that the rvatie of the guantities condensing

in the deodine trap to those condensing

at any other fixed point during an experiment
under constant conditions (gas flow,
temperature} will also remain constant.

I8 ds reasonable to expect this to be

280 8ince the guantities condensed are

so gmall that no sverloading with condensation
products is to be oxpecited et any particular
Speint. I experimental confirmation

of this hyvpothesis is obtalned, 1t will

be possible to draw conclusions for the
total quantity released from the amount.
collected in the lodine traeps. Since

six dlodine traps are incorporated in

the apparatus and can be used in succession
during 2 singie ezperiment, it dis at least
possible to give 2 maximum of six values
for R/B at a single heating temperature.

Experiments have alsgo been startsed to
determine the local distribution of con-
densation along the sweep gas sirsam.,

The susceptor stem is of particular intersest
in this connectieon, since it extends ‘
from the susceptor 1tself, which is
maintainaed at the degassing temperature,

to the lower water-cocled furnace cover,

The tempesrature drop with the present

stem geometry (a long, thin hollow cylinder)
is roughly expenential, Suscepltor stems
from several experiments have been examined
by position-dspendent gammanspectrometry
(gamma-scan), the stem being in this

case displaced along its main axls by
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& 8lit collimator. Fig. 19 shows the
spectra obtained from one such measurement,
while Fig. 18 shows the position-dependence
of three lines. The stem is shown at

the bottom of the figure in diagrammatic
form, but to scale and in relation to

the graph; the hot end and the sweep

gas flow inlet is on the left-~hand side.

In further experiments, which are now

in preparation, the temperature gradient
will be varied by suitable modification

of the stem shape, the aim being to obtain
a linear temperature drop. Further related
possibilities of obtaining information ,
on nuclide condensation will be described
on the finel pages under the heading
*Future prospects”,

4, FUTURE PROSPECTS

The routine execution of the heating

test on coated paxrticles and spherical
fuel elemenits required the development
and installation ef an apparatus which
had to satisfy strict conditions., The
technical design had to ensure a high
availability, simplicity of operation

and a high reliablility during operation,
The measurement system required a particularly
high sensitivity and the ability to detect
sparingly volatile fission products, .
No such apparatus had been produced to
date, A large measure of automation

has maede it possible to meet the technical
operating requirsments. More than 50 de-
gassing tests (corresponding to some

1500 operating hours) have been carried
out up to now (1969). The semsitivity

i3 superier by a factor of 5-10 to that
of other comparable equilipments and this
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high sensitivity enables us to investigate
samples even a relatively long period
after reactor shutdown. Either the re-

‘maining Xe 133 residue (5.2 days) is sufficient
for this purpose or it is possible =
as was demonstrated in the most recent

test = to measurs Kr85 instead of Xe133

The latter has a half~life of 10,6 yvears
and accordingly a very low activity,

but ne formation/decay equilibrium is
reached during irradiation, so that no
results were obtained, which were fully

comparable with the cenventicnal

Xe133 test. Nevertheleess it was possible
to recognize spherical fuel elements
with damaged particles.

It is possible as a result of the short
heating-up time to record as a function
of time the course of the fission gas
burst, oeccurring after heating-up and
on the adjustment of sach subsequent
temperature stage, Analysis of this
burst is of particular interest at the
present time, since it can forseeably
be used as a technique, permitting a
sufficiently rapid division ef the fuel
elements, leaving a pebble-~bed reacteor,
into the categories of damaged and re-
usable elements,

The further development of coated particles
to withstand higher fuel temperatures

will always be a matter of gemneral interest,
in particular for the development of
~high-temperature reactors with a gas
turbine in the primary circuit. The
release of fission gases, which leave

the reactor through the sum total of

all the leaks present and are emitted,




obviously remains an important problem,
However, the release of sparingly volatile
"fission products, which not only remain
in the primary circuit but are condensed
at specific points, is of very particular
significance. It was pointed out in the
last chapter that the total releasse of
these products can be determimed, Ex-
periments are in course of preparation
for measuring the deposition of these
products as a function of temperature

and sweep gas flow. In these experiments
the temperature gradient along the susceptor
stem will be given in advance and the ‘
flow rate of the sweep gas inside the

stem will be varied by the insertion

of graphite reds of different thicknesses
in the bore of the stem, which cannot

for reasons of production technology

be reduced below a determined size (3-4 mm)

It has in general been found that the
apparatus described above, in addition
to being sufficiently flexible for the
prescribed routine tasks, is capable
of contributing to the solution of new
problems, arising during the thermal ‘
treatment of highly active samples.
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