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ABBREVIATIONS AND ACRONYMS

FeAe Fuel Assembly

KWU KraftWerk Union (FRG)

VAK Versuchsatomkraftwerk (Kahl)
CRT Cathode Ray Tube

LWR Light Water Reactor

PWR Pressurized Water Reactor
BWR Boiling Water Reactor

VAK III Seal series from JRC

JRC Joint Research Center (Ispra)

MEI Internal External Markings

MEI b Same system with a lower fracture link
DOBRIC Double Breakage Integrity Check

RELOC Reinforce Locking device

STRID Strong Random Internal Defects (base of the

VAK IITI Seal and Sealing System)

VAK 45 Name of the new JRC Compact Instrument
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1e INTRODUCTION

Since October 1983, a new version of the VAK Seal has been
proposed by JRC Ispra as a possible solution for the sea-
ling of BWR (and PWR) Fuel Assemblies.

Demonstration campaigns at the Kahl Facility (FRG) took
place in several occasions (October 1983, May 1984) and
other ones are being prepared for October 1984 and May 1985,

The new version is called VAK III and presents similitudes
and differences with respect to the previous concept (VAK I
and VAK II).

It is similar in shape and dimensions, it is installed on
the same extended tie-rods and the same tools and procedures
are to be used during the clamping or extraction operations,

It is different from the previous versions because of its
internal identification marking process which provides now
Strong Random Internal Defects (STRID) and also because its
integrity status can be controlled through the breaking of
its internal grip, during the extraction operation. The grip
status is obtained ultrasonically and gives, by turn, the
integrity status. It is called Double Breakage Integrity
Check (DOBRIC). It is also provided with a Reinforced Lock-
ing device (RELOC) to obtain a safer clamping while instal-
led on an extended tie-rod of the F.A.

Corresponding to attempts to increase the marking quality
and to reduce the seal's length, we have studied three pre-
sentations of the VAK III seal which are called:

1rst presentation: VAK III MEI Length: 42 mm Oct 83
2nd presentation: VAK III MEI b Length: 37 mm May 84
?rd nresentation: VAK III MEI a Length: 34 mm May 85

The MEI b is the type we will install in October 1984,
MEI is the ablreviation for Marquage Externe Interne which
characterizes the way the STRIDs are obtained into the seal.

It is obvious that the VAK III Seal and its related Sealing
Process, along with the Identification and Integrity Check
techniques we describe in this report represent a whole
feasibility and real-scale study. Apart from the basic ori-
ginal characteristics of that kind of sealing technique,
i.ce STRID and in some extent DOBRIC and RELOC,. most of the
features are flexible and could be modified while working
on pre-industrial series., In particular the existing tools
work properly for demonstration purposes but could easily
be simplified in the future. We will try to underline such
points when alternative solutions are easily conceivable.



2e GENERAL DESCRIPTION

The VAK III Sealing System has been mainly developed for
the safeguarding of LWR Fuel Assemblies such as KWU and
Exxon ones, in use at the Kahl facility.

Nevertheless, the VAK III System can be applied to other
Fuel Assemblies which are normally disassembled by remo-
ving the upper grip upwards, while repairing or changing
some pins of the bundle,

2.1 Basic functions

The VAK III Sealing System provides three basic functions,
considered as essential in the Safeguards analysis.

i/ It locks the upper grid of the Fuel Assembly under
protection, impeding its disassembling without a previous
breakage of the seal (Locking Function).

ii/ It gives a Unique Random Identity to the F.A. and
offers a technique to distantly verify it (Identification
Function).

iii/ It offers the possibility to check distantly the
Integrity Status of the F.A., through the checking of the
Seal Integrity (Integrity Check Function).

Note a): The basic concept consisting in separating the
Identification and Integrity Check functions, as in the
present solution, can be discussed. A system with these
two functions in one is also conceivable.

Note b): By Integrity Status, we mean "Intact" or "Not
intact" which is for saying that the F.A. (thus its seal)
hasn't been dismounted or attempted to dismount or, on
the contrary, dismounted or attempted to dismount.

Note ¢): From the beginning the VAK System uses special
breakable extended tie-rod ends, according to a former
Ispra drawing. These ends are fitted to the tie-rods at
the fabrication plant which represents an inconvenient.

We go on using the existing special ends provided with the
Exxon F.A. available at Kahl. For the future, we envisage
to minimize the intervention at the fabrication plant.



2.2 Operating functions

The VAK III Sealing System takes into account the re-
quirements from the Inspection and Operator sides. It
also embodies different sub-systems aimed at the per-
formance of necessary operating functions such as:

iv/ Installing the seal on a fresh F.A. (Positioning
Function, .Dry)

_ v/ Installing the seal, in the pool, on an immersed
irradiated F.A. (Positioning Function, Wet)

vi/ Bxtracting the seal, in the pool, from an irra-
diated F.A. (Breaking Function)

_ vii/ Identifying the seal, in the pool, on an immersed
irradiated or fresh F.A, (Identity Measurement Function)

viii/ Identifying the seal, in dry conditions, on a
fresh F.A. (Identity Measurement Function, Dgys

ix/ Checking the Integrity Status of the seal and ob-
taining a record of it, the F.A. being immersed in the
pool (Integrity Measurement Function).

x/ Processing the data obtained from the Identity
Measurement Records either in a visual comparison of the
obtained graphs or by an Automatic Correlating Process,
(signature Identification Function)

Note d): Checking the Seal's Integrity in dry conditions
1s Feasible but not considered as essential at the moment.,

Note e): Grouping the Identity and Integrity Measurement
Functions in one, by using in particular a unique tool has
been contemplated. Nevertheless, at the demonstration level
we have preferred using separate tools.

Note £): The Breaking Function involves, in our case, the
demonstration and the measurement of the breaking forces,

which would not be required in routine use, Thus the pos-

sible simflification of the tool.

Note g): Functions vii, viii and ix are difterent from
functions ii and iii, the later being related to the exis-
tence of the Integrity and Identity and the former to the
ways to check them. They are, indeed, very much interrelated.



243 Seals, Operating Tools and Instrumentation

In order to meet properly the requirements of the Basic
Functions (see: 2.1) and the ones of the Operating Func-
tions (see: 2.1) the VAK III System includes three dif-
ferent equipments. The seals are consumable material.
The tools normally stay 1in the Reactor site. The instru-
mentation is transportable according to the Inspection
requirements,

23«1 The Seals

In the whole system, the seal represents the most impor-
tant item. It has been designed to fulfill the Basic
Functions.

Locking Function (i/) :

a. KWU F.A. : It is obtained by simply clamping the
seal on the corresponding extended tie-rod. Thus the
upper hexagonal nut of the F.A. cannot be unscrewed
without breaking the seal (and the tie-rod extension)

b, ExXon F.As ¢ To obtain the locking function, due to
the special locking mechanism used by Exxon on its
upper tie plate, a Special Bushing has to be mounted
on the tie-rod extension prior to clamp the seal.
The piece and the way it is fitted to the F.A. are
very simple.,

Identification Function (ii/) :

The seal is provided with ultrasonically detectable STRIDs
(sSTrong Random Internal Defects) embodied in the upper
part of the shell in a permanent manner, by means of a
special brazing process. These defects have to be read by
an external transducer belonging to the measuring tool.

The random distribution of the defects into the seal is
such to offer a permanent characteristic to each single
seal., That characteristic results 1n a stable signature
delivered by the reading instrumentation each time the
seal is interrogated. It 1s expected that a unique charac-
ter is conferred to each single seal. Thus the question
about the seal is transferred to the question about its
signature.




Integrity Check Function (iii/) :

The seal embodies in its lower half a gripping mechanism
which first purpose is to clamp the seal onto the extended
tie-rod of the F.A., in an irreversible manner.

Breaking (or extracting) the seal means pulling the seal
upwards with a breaking tool so that, under a certain force,
the rod extension is broken and the F.A. can then H»e nor-
mally disassembled.

The second purpose of the gripping mechanism is tc indicate
whether the seal has been pulled or not. During the extrac-
tion of a seal, the grip inside the seal is pulled and un-
dergoes an increasing tension which breaks the grip before
the tie-rod. Thus a Double Breakage Integrity Check (DOBRIC)}
makes it possible to verify that the seal has never been
extracted before. The status of the grip inside the seal

is easily verified ultrasonically. [JThus the status of the
seal is known (extracted or not extracted) and consequent-
ly the status of the F.A. (not intact or intact).

Note h): To make the gripping mechanism safer and properly
closed on the neck of the extended tie-rod during the brea-
king operation, it is provided with a REinforced LOCking

device (RELOC) which is useful either for the Locking Func-
tion or For the Integrity Check Function.

Note i): The DOBRIC concept is directly related to the use
oF extended breakable tie-rod ends as on the existing F.A.s,
available at Kahl. It could be kept or, on the contrary, eli-
minated in a sealing system without breakable extended tie-
rod ends.

2¢342 The Operating Tools

Tools are necessary to place or extract the seals but also
to check them for the purpose of inspection. They are nor-
mally operated in the Reactor pool, partly immersed in water,
while the F.A. under consideration has been installed on

a conventional stripping-machine at about 4 meters under
the water level,

Furthermore, various conditions can be requested as for the
position of the F.A. For instance, in the dry storage or

in the wet storage positions. These conditions would lead
to some change on the existing tools (lengthening or tigh-
tening of the sub-systems) but would not change the concept
of the VAK Sealing System.

According to their use we separate the Operating Tools in
Handling Tools and Measuring Tools.




The Handling Tools

Positioning Function (v/) :

The Positioning Tool 1is a simple aluminium extendable
tube, about 5m long.- Its lower extremity has a gripping
mandrel which can be open or closed by the operator, ro-
tating counterclockwise or clockwise an handle located at
the upper extremitye.

Note j): The Positioning Function (iv/) in dry conditions
can be done directly by hand on fresh F.A.s. staying in the

dry storage bay. A light hammer facilitates the clamping
of the seal on its tie-rod extension.

Note k): If an Exxon F.,A. 1s to be sealed, the same Posi-
tioning Tool is used to place the Special Bushing before
the seal.,

Breaking Function (vi/) :

The Breaking Tool is an heavier one. It embodies a trac-
tion mechanism capable of giving and measuring forces up

to 3,000 N, Its measuring device has been used only for
demonstration and licensing tests., It is not an actual
measurement tool. It is provided, too, with a lower mandrel
for the seizing of the seal shell and also with a reaction
claw shaped fork which is supported by the Special Bushing
(Exxon FeAe.) or by the nut (KWU F.A.) during the extraction
operation. While rotating the upper end, with a wrench, the
operator obtains the first breakage at about 1,300 N and
the second breakage at about 2,600 N . These two breakages
are clearly felt by the operator.

Note 1): After a seal has been extracted from an Exxon F.A.
the corresponding special bushing is removed with the posi-
tioning tool (see note k).

The Measuring Tools

These tools allow the performance of checking the iden-
tity or integrity of a seal, irrespective from the need
for placing or extracting it.

Identity Measurement Function (vii/) :

The Identity Tool 1is the most important tool. It has been
designed according to the very concept of the VAK III Seal.
Its lower extremity has a revolving mechanism which makes
it possible the rotation of an eccentred transducer around
a 3 or 3.5 mm radius circle, so that the upper part of the
seal can be ultrasonically explored during one revolution.
The transducer 1s connected tc the ultrasonic instrument




which follows the fluctuations of the echoes given by
the random internal defects (STRIDs ), while the trans-
ducer is moved with respect to the seal.

The transducer is part of the Instrumentation and is re-—
moved from the tool during the resting periods.

Note m): The Identity Tool is extendable. In its short con-
Ffiguration (about 0.5 m length;, it can be used as a D
Identification Tool (see below). It can also be 1engtﬁé%ed
1n order to be used on F.A.s located in the wet storage.
This last configuration has not been tested at the moment.

Identity Measurement Function: Dry (viii/) :

The Dry Identity Tool provides the same function as the
Identity Tool, but 1t has been modified so that it can

fit a seal on a fresh F.A. with no necessity of immersion.
It embodies a small tank, filled with water, so that the
ultrasonic coupling between the seal and the transducer
can be obtalned with no bubbles. Its revolving system is
the same as for the normal Identity Tool. It would allow
to safe time during the sealing of fresh F.A.s either in
the reactor or at the manufacturer plant, before the F.A.s
are shipped.

Integrity Measurement Function (ix/)

The Integrity Tool is a very simple and light tool. It 1s

a long tube, about 4.5 m long which fits - at its lower
extremity - to the seal to be checked. It brings a trans-
ducer proximate to the seal so that its integrity can be
checked ultrasonically. It is connected to the same ultra-
sonic instrument which was used for the Identity Measurement.

During an Integrity Check is performed, the transducer is
located above the seal, axially, at a distance of 15 mm.
This transducer is removed, too, during the resting periods.

Note n): Owing to their simplicity, the two tools: Positio-

ning Tool and Integrity Tocl could be fused in one single
tool performing the two different functions (v/ and viii/).

2e3e3 The Instrumentation

The Instrumentation is important because it is essential to
the measurement and the eventual recording of the signatures
given by the seals.

A difference exists between the Instrumentation which has
been used for demonstration purpcs2s and the Instruments
which would be part of the Inspec-or Equipment.




The functions covered by the Instrumentation are:

a, The Breaking Function (vi/)
b. The Identity Measurement Functions (vii/ and viii/)

c. The Integrity Measurement Function (ix/)

d. The Signature Identification Function (x/)

Breaking Function (vi/) :

While performing the extraction of a seal, the measure-
ment of the forces under which the internal grip breaks
(1rst breakage) and then the extended tie-rod (2nd brea-
kage) occur are an indication of the Integrity Status.
Nevertheless, this measurement is not necessary because
the operator performing the extraction can easily feel
the two breakages (DOBRIC).

Strain gages are permanently installed in the Breaking
Tool. They are measured by a Wheatstone Bridge Instrument
and the resulting Traction Force can be recorded on a
chart recorder or simply read on a digital voltmeter.

The forces necessary to break the fracture 1links are deter-
mined by their respective sections (see: 2.3.2 Breaking
Function).

Identity Measurement Functions (vii/ and viii/) :

In the VAK III Sealing System, the signature of a par-
ticular seal is obtained as an output of the ultrasonic
instrument (SONIC FTS MARK I) which fluctuates as the
Identity Tool rotates. As a fluctuating voltage, it can
be recorded during one or more revolutions:

a, on a Chart Recorder, thus immediately visualized

b. on an Analog Tape Recorder to store the data

C, on a Computer Memory thus making it possible a further
data processing for the purpose of comparing two signa-
tures.

As far as visual comparisons are acceptable, the graphs
obtained on the x(t) paper recorder are sufficient to let
the inspector make up his mind while comparing two signa-
tures.

If, on the contrary, an automatic identification is reques-
ted, the same signature as on the chart recorder has to be
data processed, so that the calculation of (for instance)
the Correlation Coefficient between two signatures can be
done (see below).

Note o0): For the purpose of the demonstration, a Desk
Computer has been used until May 1984. A minicomputer

1s now being associated with the ultrasonic instrument

to obtain a transportable Compact Instrument, more suita-
ble to the Inspection.




Integrity Measurement Function (ix/) :

The Ultrasonic Instrument used with the VAK III Sealing
System (SONIC) is equipped with a CRT, which allows the
Operator to control and check the signals coming out from
tEe Transducer. The Integrity Signal given by the seal
presents a very simple shape and 1s easy to observe., They
are two peaks (or two peak zone first edges) to watch.
The first corresponds to the fracture link at 15 mm from
the Seal upper surface; and the second, to the fracture
rod bottom (see: pages 11 and 13), at 23 mm from the top.
The First peak is generally smaller than the Second one
which, by turn, is higher and ‘sharper than the First one.
In the intact situation, the two peaks are present.

In the broken situation, the second peak vanishes comple-
ly and the first peak 1s still there even with a slightly
modified aspect, because of the link deformation prior to
the breakage.

Signature Identification Function (x/) :

The fundamental requirement of a Sealing System is to
provide the Inspector with a stable, random and re-mea-
surable Signature each time he 1s checking a determined
seal (basic Identification Function ii/ as in 2.1 above).
Thus, he can relate failthfully a unique signature to a

unique seal.
A corollary to this statement is that the Sealing System

has to be associated to a Comparison Means allowing the
Inspector to perform the Signature Identification Function

Three possibilities are offered involving different degrees
of sophistication to perform the Signature Identification.
Different instruments can be used simultaneously ( redun-
dancy ) or separately.

a, Use of a simple x(t) paper recorder giving a graph each
time the signature 1s 1nterrogated and compare visual-
ly the graphs.

be. Record the output signal on an Analog Cassette and trans-
fer that signal either again on the paper recorder or
to a Desk Computer which digitizes the signal 1into
a series of (for instance) 250 values and stores it
in its own memory or transfers it on an auxiliary digi-
tal memory. The comparison between two different series
is made by calculating the Coefficient of Correlation

or Bravais-Pearson Coefficient ) which theoretical va-

lue must be between -1 and +1; a value reasonably proxi-
mate to +1 indicating that the two signatures under com-
parison come from the same seal.
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C. Directly record the analog output signal coming
from the Ultrasonic Instrument in a Portable Mini
Computer through a special Analog/Digital acquisi-
tion Unit connected with the Mini Computer. The
peripherals units, such as an auxiliary Digital
Cassette Memory and a Printing Device can comple-
te the Mini Computer functions, so that the Corre-
lation Coefficient calculation and/or its results
can be presented on paper strips. The Identity Tool
can also be controlled by the Inspector from the
Mini Computer according to a pre-established program.

Note g): The calculation of the Coefficient of Correla-
tion between two series of values represents one among
other possible criteria. The flexibility of a modern
Mini Computer is such as to allow the performance of
different calculation process.

Note q): The c. solution allows that all the instrumen-
tation necessary for performing the the Identity Taking
of one seal and its eventual Identificatlon be compacted
in one single box we use to call '™ Compact Instrument

Note r): The instrumentation as in point b. has been main-
ly used by JRC Ispra during the laboratory tests and de-
monstration campaigns at Kahl. Once the whole feasibility
of the system has been proven, the instrumentation as in
point c. has been studied in order to propose a trans-—
portable and more practical Compact Instrumentation to the
potential Inspector,

3 SEAL DESCRIPTION AND LOCKING FUNCTION

31 Seal constitution and characteristics

Refer to drawings 84-1263-0A and 84-1263-0B
given in Annex I

The seal is a ¢ylindric body with a flat upper end

and a hollow lower extremity in which the tie-rod
extension penetrates when the seal is being clamped

on 1t.

The hollow part is a cylindrical room about 10 mm dia-
meter containing the gripping mechanism and a spring
which purpose is to keep the seal steady once it has
been clamped on the F.A., tie-rod extension.
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The lower extremity of the VAK III Seal is a narrower
section which gives passage with precision to the exten-
de tie-rod collar (see: drawing 84-1263-0B) when the seal
is being clamped on the F.A.

Furthermore, this tapered section presents an external
neck (flat or conical according to the versions) which

allows the seizing of the seal by the Breaking Tool during
the seal extraction.

The gripping mechanism comprises : (see 84-1263-0A)

e One elastic grip with siX jawSeeeesssese pPart nb

« One helicoidal Spring.......-o....-...o. " "

6
5
o ONEe thrust CUPeesscescssosccscccsccsscscce " "3
e One 1locking ringeeeceseccccecccescccccccece " 4

The grip is connected to the upper part of the seal by
means of:

e ONe fracture YOdeesesesuceeencssccsscoce " " 7

which is screwed and blocked into the grip at its lower
extremity and embedded into the upper part by brazing.
The neck -~ or fracture link - of that rod is the basis
of the Integrity Check

The upper part of the seal - or Identity Zone - is made of
a cylindrical room filled with:

e 5 Or more slotted diSKSeeseeeccscsscscsce " " 8

which are stacked in the shell, in a random orientation,

during the fabrication process, before to be squeezed
by the:

L] lid....C...............0................ " " 9

and brazed into the:

e Seal bOd!ooooooooooooooooooooooooooooooo " "o

In the VAK III MEI b presentation the seal is closed,
after the brazing process,by means of an electron beam
welded :

« bottom part..........................-.. " "2

Partsnb 1,2,3,7,8 and 9 are made of Stainless Steel 304 L
Parts nb 4 and 6 are made of hardened Inconel X 750
Part nb 5 is made of special Stainless Steel for Springs.

The last VAK III MEI b Seal is 13 mm O.D. 37 mm height
and has a weight of about 30 grams .
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3.2 Clamping the Seal on the Tie-rod

Refer to drawing 83-1250-12 in Annex I and scheme below.

The clamping of the Seal on the Extended Tie-rod is such
as to make it impossible that the Seal be extracted with-
out breaking the tie-rod extension.

The following steps of the clamping operation are illus-
trated schematically on drawing 83-1250-12,

Step 1

Step 2

Step 3

Step 4

Step 5

Step 6

Step 7

Step 8

The seal is pushed down up to the first
contact between the tie-rod collet and
the elastic grip (part nb 6 of the seal)

As the seal is pushed down further, the
tie-rod collet opens the jaws of the e-
lastic grip

Up to the second contact between the tie-
rod collar and tapered bottom of the thrust

cup (part nb 3)

Down further, the compression of the spring
(part nb 5) starts and the third contact,
between the grip and the locking ring (part
nb 4), occurs while the grip reaches the
locking level with respect to the tie-rod
necke.

Down further, while the helicoidal spring is
more compressed, the elastic grip closes on
the tie-rod neck

Down further, the tapered extremities of the
jaws (of the elestic grip) open the locking
ring which is elastic

Down further, the jaws seize the locking ring
in their external groove

Th > pressure 1s released the seal moves up-
wards as the spring decompresses partially.
The dgrip goes up back to the tie-rod collet
wirile the locking ring is wedged in between
the grip's jaws and the thrust cup, thus re-
infor~ing the locking safety of the grip
which 1s already elastically clamped on the
tie-rod head (RELOC)

Note s): The compression stroke is only of 5.5 mm

Note t): The figure given here is for clarity of terms
concerning the tie-rod extension (head)

collar neck collet

AN
=N

up
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3.3 Locking Function and Breakage of the Seal

Refer to: drawing 84-1263-0C in Annex I
: n 84-1263-0B in Annex I
: " 84-1263-0A in Annex I
:fig. 1 below gnext page)
:fig. 2 below (next second page)
:reference /1/ (different figures)(®#) (given in Annex IV)
:paragraphs 2.1 and 2.3.1 above

After the VAK III Seal has been clamped on the tie-rod
extension ( we recall that this extension could be trans-
ferred on a special nut in another possible presentation
of the VAKX III Sealing System :see fig. 2 (f) in ref /1/)
the dis assembling of the Upper Tie Plate is made impos-—
sible without breaking (extracting) the seal .

In the XKWU F.A., this would be obtained simply because

the hexagonal nut of the tie-rod cannot be unscrewed (see
fig. 1 in /1/) The locking function is the same as for the
First VAK I Seal.

In the Exxon F.A.,"the Upper Tie Plate is normally removed

by pushing 1t downward against the fuel rod compression springs,
rotating eight elliptically shaped locking sleeves 90° and
allowing them to pass through elliptically shaped holes in

the tie plate" says a detailed description by R. Nilson from
Exxone(see fig.1 and fige.2), Once the Bushing (or Special
Bushing as described in /2/) has been placed, its two lower
legs"extend into the elliptically shaped hole in the tie-plate,
preventing the rotation of the locking sleeves (elliptical
sleeves), even with the Tie Plate deppressed against the
compression springs". The Special Bushing must be removed

to unlock the tie plate and the Seal must be broken to re-
move the Special Bushing.(see also drawing 80-1174-06, Annex I)

The breakage of the seal can be schematically described as
follows (see fig.3 or drawing 84-1263-0C)

« Step 1 : The Breaking Tool is in position, with its claw
shaped fork in contact with the upper part of the
bushing (or of the hexagonal nut in KWU configu-
rationg; the Seal has been seized by the mandrel
which starts being pulled upwards.

. Step 2 : The fracture link of the Fracture Rod (part nb 7
on drawing 84~1263-0A) is strained by the traction
force exerted on the seal's body and lengthens.

. Step 3 : The Fracture Link of the Fracture Rod (part
nb 7) breaks so that its broken bottom, toge-
ther with the grip is projected dowvnward until
the rod's bottem end touches the tie-rod head.

(%) "Recent Practical Safeguards Experience with the new
Version of the LWR (VAK) Seal" B.C.d'Agraives et al.
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6o PROCEDURES

Between the manufacture stage and the use in actual condi-
tions, the VAK III Seal undergoes the following procedures.
This is a general indication and has to be considered with
a certain flexibility. We use to call "Phases"the different
steps in the 1ife of a seal.

6.1 Phase 0 (Laboratory)

After its fabrication, the seal is checked in Identity and
Integrity. The operations are achieved in Laboratory.

The Integrity check provides:

« 1 Photogram with a typical shape (Folaroid)

The Identity measurement is done two times (or more). The
Identity measurement is performed in water with a short
tool (Phase 0), then with another transducer - or tool -
which corresponds to the Phase 0', and sO ande.ee.

The operators are provided with at least one diagram per

measurement.
Bach measurement is also normally stored on a cassette.

. 1 Diagram (signature) for Phase O
. 1 Diagram ( " ) for Phase O
« 1 Diagram ( " ) for Phase O"
If a batch of n seals is prepared, the computer is used
to calculate:
n "autocorrelations" (Phase 0 compared with Phase 0O')

. n(n-1)/2 "crosscorrelations" (Phase O compared with Phase O)

or (Phase 0 compared with Phase Q')
or (Phase 0' compared with Phase 0O')

For that batch of - say - 24 5eals, 24 "autocorrelations" are
made and 276 '"crosscorrelations" should be calculated, which
is a large number, Sometimes, a smaller amount of cross-
correlations 1s calculated and an "indicative histogram'"can
be drawn and two characteristic values - or thresholds -

can be empirically determined indicating the higher coeffi-
cient of cross correlation and the lower coefficient of au-
to correlation : CMx and’Amn .

These values: CMX and Amn can be introduced as parameters of
that batch as decision thresholds.

Should a correlation value between two unknown signatures fall
inside that range, other estimators can be used ( ref/4/)
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6o 2 Phase 1 (Reactor)

Once a seal has been clamped onto a F.A., it must be
checked again.

The integrity and identity tools are now used in the
reactor pool,

The integrity check in done as for Phase O and :

s 1 Photogram with an Integrity diagram is taken (Polaroid)

and visually compared with the Phase O one, or normally
checked with a look at the peaks.

Note y): When, for demonstration purposes, the seals are
clamped by the same person who brings the seals, that check
1s not necessarye.

The identity measurements are done with the Identity Tool,
in the pool (after October 1984 also in the dry storage),
in conditions similar to the one of Phase O

Similarly to phase 0, two - or more - acquisitions can be
done and compared between themselves. A Diagram can be ob-
tained on a chart recorder, but it is not necessary.

Each measurement is stored on a cassette (analog cassette
until October 1984)

« 1 record for Phase 1 (for instance in the dry storage)

« 1 record for Phase 1' (for " on the pool stripping
machine)

.« 1 record for Phase 1" (repetition on the same day)

Again, for n seals,n 1/1' or n 1/1' or n 1'/1" "autocorrela-
tions"can be calculated. The experience, in the past, has
shown that one of the three possibilities is sufficient.

Similarly to Phase 0, different possible kinds of "cross-
correlations" can be calculated, but the most important re-
quirement is to compare Phase 1 with Phase O , and the
n(n-1)/2 “cross" 0/1 (or 0'/1, or 0'/1') must be calculated.

643 Phase 2 (Reactor)

After six months or one year, the check of the sealsis be-
ing done, and each of them will be measured again and the
operator (or inspector) would get:

« 1 Integrity photogram

o 1 Identity record for Phase 2 (Phase 2' is not necessary
except in case of doubt about a seal's identity)

« n "autocorrelations" (Phase 1 / Phase 2)

. n(n-1)/2 "crosscorrelations" (Ph 1 / Ph 2)
must be calculated too.
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6e4 Adjustment Procedures

On the SONIC instrument, past and present experiences have
led to the definition of routine procedures.

6ed4el Identity Adjustment:

For VAK III MEI b Seals

6o

Wire: Length:8.40 m; Diameter:2.5 mm; Resistance 50 Nhm
Rear Panel:Rep. Rate: 3KHz ; Filter: Off ; Video: Normal

AC Supply: Supply cord on 220V-50-60 Hz

CC Lemo connector pushed in.

Front Panel:

Freqe: 10 MHz

Normal Synchronization: Normal

Position Width, Dec Slope : To be adjusted before and after
operating

First Echo: End after the last echo

Damping: HS

Power ON at least 10' before starting

Delay: 4.50

Range: 40

Mat/Cal: 1-60

Gain: Adjust 3 V Sonic Output

42 Integrity Adjustment:

For VAK III MEI b Seals

Wire: As for the Identity

Calibrating Block: Stainless Steel Cylinder, Diameter: 13 mnm,
Length: 23 mm, must give on the CRT:
Trst peak on 1 dive. and 2nd on 8 on scale 3

Rear Panel: Rep., Rate: 3 kHz; Filter: Med; Video: Normal

Front Panel:

Reject: Out

Gain: to be adjusted later on

Norm. Sync.: OfFf

Position Width, Dec Slope : Out
Damping: Out

Power ON at least 10' before starting
Delay: 3.20

Range: 20

Mat/Cal: 1-10

Normal-Thru-Trans: Normal

Adjust in order to have the 2nd peak with a magnitude of
80% of the vertical range on the CRT.
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6e5 Recording Procedures

6.5.1 Graph Recordings

. Normal use of an instrument such as H-P X-Y REC 7015B (fig.o)

— Output: a graph on A - 4 sheet (fig. 9)
6.5.2 Plotters

. Normal use of the H-P 9872 A Plotter as a peripheral of
the Desktop Computer H—P 9825 A (Ffig.8)

- Output: a plot on A-4 sheet (digital plot) as in fig.10

. The plotting is controlled by the minicomputer programme,
in the case of the new VAK 45 Compact Instrument The prin-
ter (fig.8 below) delivers a correlation graph as in fig.11

— Ouput: a multicoloured 240 mm length strip of paper, giving:
- the two signatures in comparison
- the R(s) and DD(S) functions (corr. and diff. estim.)

~ the corresponding values and the ones of R1(S
- the thresholds A (upper thr.) and Chix (lower thr.)

— the statement "Same Seal" or "Different Seals" in
green or in red coloured printing

- the data for date, place,instrument, Seals n° etCese

6+.503 Tape Recordings

Normal use of the MINILOG 4 Cassette Recorder (fig. 6)

~ Output: a cassette storing analog signatures, ready to
load the DIGITAL HP 3437 A Voltmeter (fig.8)

« In the VAK 45 Compact Instrument the use of the Digital
Cassette Recorder SHARP CE-152 can be either independant
or controlled by thé Correlation programme. (fig.8)

6.6 Correlation Procedures

A pre-determined programme calls two signatures which are
stored on a digital special cassette, 1in the Desktop H-P
Computer housing, when the o0ld system is used.

A similar procedure is used in the VAK 45 Compact Instrument,
apart that only one tape recorder is used for all purposes.

But the instructions for the performance of the correla-
tion appear on the Minicomputer window.
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An example of the instructiorms or questions appearing on
the Minicomputer Window is given below.

They represent the logical operations one has to perform
while comparing two signatures,

They are flexible and could be optimized according to the
specific wishes of the potential user.

« Number of Points ? : Choose the number of values you
want to put in one signature curve ( i and j from O to n)
Higher you choose n, longer the correlation duration.

« Trigger level ? : Choose the level of the first
peak of the random signal you want to start the digiti-
zation with.,

. Load from a cassette ¢ Prepare the cassette you want to
examine (1f yes)

« Seal Number ? : Call on that cassette the data
of that particular seal

. Tape Position ready ? : Starts the data transfer in the
Computer memory (loading)

« Load from another cassette: Prepare the second seal casset-
te 1f 1t 1s not on the same as the first one

« Seal Number ? : Call the data of the second seal

« Two signatures ready ? Asks for the right loading of the
two signatures under comparison

« Choose a smoothing value: You may decide to introduce a
simple smoothing process of m points, in. case of high
noise. But it is normally not used (m = 0)

« DO you want a plotting ?: Asks if you perform a single
check or a complete correlation process

. Do you want a shift ?: Asks wheather you want the R(s)
Function be calculated or you consider the general pre-
cision of the measurements sufficient to find at the lrst
correlation calculation the correct representation of
the actual correlation between the two signals, If yes
choose the shift interval (number of points: s) and if
desired,give a step when you want a discontinuous shifte.

. Start the correlation:

With n = 100 points and a 5 points shift, the complete
process has a duration of few minutes according to the
parametersrequired by the operator.

If no shift is called for, the process has a duration of-

1 to 2 minutes.
The advantage of the incorporated computer is to introduce

a great flexibility in the procedures.,
Following, is a flow-chart of the Program presently in use.




FLOW CHART
NUMBER OF
POINTS?
l
TRIGGER
LEVEL?

Y
SEALNR? SEALNR? GIVE SMOOTHING
{(1-0) (1-0) INTERVAL
[ 1
READY FOR TAPE POSIT. N PLOT
SCAN ? ENTER READY ? ENTER REQUIRED
PLOTTING SEAL NR? PLOT
SEAL1-0 {1-0x) LENCTH °
| [
TAPE POSIT. TAPE POSIT.
READY ? ENTER READY ? ENTER
SEAL NR? GIVE SHIFT
{1-0x) INTERVAL
[ [
READY FOR GIVE STEP
SCAN ? ENTER ON SHIFT
PLOTTING
SEAL 1-0x
TAPE POSIT.
READY ? ENTER
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7.4 Computers and peripherals

o H—P Desk Computer 9825 A: 12,000 (est) (no more built)
o« H-P System Voltmeter 3437 A: 5,000 (est) "
« H-P Digital Plotter 9872 A: 7,000 (est) (only for dem.)

before October 1984

after October 1984

The compact instrument is estimated:
« JRC VAKX 45 BOX 6,500 total

including the SONIC (see above) and:

o SHARP Minicomputer: 450  (kno)
o SHARP Printer CE 150: 225  (kno)
» SHARP Tape Recorder CE 152: 45 (kno)
o« BMC Interface MC 12: 850 (kno)
« Trigger Black BoxX: 190 (est)

Note z): The instruments used for the breaking demonstration
See pages 21 and 22) are expensive and not suitable for

possible routine extraction operations. They can easily be
replaced by less sophisticated measuring devices we had

not at disposal while performing feasibhility studies. The

TEKTRONIX amplifier is estimated about 5,000 § and could

be substituted by an item 10 times less expensive, which

it is possible to incorporate into the VAK 45 Box in the

future.

8 CONCLUSIONS

A general description of the experimental VAK III Sealing
System has been given with the particular intention to un-
derline that a good level of feasibility has been reached.

We have shown that this system meets the requirements of
three basic functions in particular through the very con-
cept of the VAK III Seal which fulfills correctly the
Locking, Identification and Integrity Functions.

Description and drawings are provided to explain how
the Seal, as a mechanical structure, prevents the
disassembling of the upper tie-plate of a Fuel Assem-~
bly on which top it has been clamped; and how, as

an ultrasonically measurable item, it can indicate
its Integrity Status and, consequently, the Integri-
ty Status of the Fuel Assembly it protects.,

The VAK IITI Sealing System meets other seven Operating
Functions which we consider as essential in a Safeguards
concept. These operating functions are fulfilled by
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the Handling Tools which are used, together with the
Instrumentation to perform the Integrity Check, the
Identity Measurement in dry or wet conditions, the
Breaking or the Installation of the Seals.

As far as possible, we have indicated the techniques
employed untill October 1984 separately from the new
techniques prepared for the October 1984 Campaign in
Xahl.

We consider that the main points of progress are:

- The Strong Random Internal Defects (STRID) incorpo-
rated in the seals, allowing the obtention of a good
signature stability.

- The Integrity Check on the Seal Status (broken or not)
obtained through a dec¢isive mechanical improvement: the
Double Breakage Integrity Check (DOBRIC) and with a
better ultrasonic evidence of that status.

-~ The provision of new function tools, allowing the
performance of Identity Measurements in dry conditions
(which means also at the manufacturer plant) or in
deeper water (wet storage).

- The study and development of a new JRC VAK 45 Compact
Instrument Box, in which all the measuring functions can
be grouped and incorporating an autonomous Minicomputer
offering to the Inspection the possibility of performing,
on the spot, Correlation and Decision processes

The general benefit of such a feasibility study should

be to convince the potential users that such a Safeguards
Sealing System can be studied for slightly - or largely -
different other applications, provided that the Basic and
Operating Functions required to the system be clearly de-
fined, possibly after a common agreement would be stated.
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RECENT PRACTICAL SAFEGUARDCS EXPERIENCE WITH THE NEW VERSICN OF

8.C. d'Agraives, G. Dal Cero, R. Debeir,

E. Mascetti, J

REF. 1

THE LWR (VAK) 5EAL

Toornviiet, A. Volcan

e

Commission of the European Ccmmunities, Joint Research Cantre

Ispra Zstablishment, 21020 Ispra (va)

ABSTRAC?Y

This paper describes a practical experience
gained during the past vears by the Ispra team in-
volved in the task of developing and applying an
ultrasonic tachnique to the safequards of such LWR
fuel assemblies as the ores used at the VAK expe-
rimental facility of Kahl (FRG). The work is con-
ducted ia the framework of an Ispra support to the
IAEA/FRG support programme (Task D3) and should
lead o the selection, on an experimental Xasis,
of procedures to ke used in the broader context of
safequarding other LWR plants. It consists in the
preparation and the implementation of demonstra-
ticn campaians during which seals built and saaling
procedures studied in our laboratory are then Zield
tested. It means that identification and reidenti-
ficarion operations are performed in conditions
similar to those of future inspections, after the
seals have been clamped on the fuel assemblies in
near to real situations. The basic requirements as
stated at <he beginning, the actual cn-site dif-
ficulties, the revised solutions, the results and
cheir limitations will be reported. A panacea ful-
filliing all zhe original wishes can hardly be rfound.
Nevertheless, with the experience being gained and
with an improving exchange of views Zetween in-
srectors, fuel manufacturers, plant operatcrs, seal
and sealing “ools builders, reasonable and reli-
able operaticn solutions can be cifered o the
Safeguards authorities.

1. INTRODUCTION

The present contribution is aimed at a des-
cription of actual research and development work
in the fieid of ultrasonic sealing techniques. Ia
the recent years, large efforts have been devoted
at JRCUIspra in order to improve such techniques
which are characterized by their multidisciplinary
aspect and ty the fact that they are of concern to
various autiicrities or organizations more or less
diractly involved in the safeguarding of nucleaxr
matarials and in particular to fuel assemblies.
mnds, in such activities, there are rcughly two
sorts of problems: che ones raised by the very
nature cf things {we will call them "T" protlems)
and ohenomena, and those raised by people or orga-
nization goals (we will call them "?" zroblems).
Obviously, the whole of the reportaed work nas

-consists essentially of the study and the

- Italy

started with the wish (or necessity) to ZfulZill
Safequarding requirementcs for LWR Zuel assemkblies.
In fact, the work is part of the ccntributicn of
the Joint Research Centrs (JRC Ispra) o the
IAEA/FRG support programme cf <he Federal Republic
of Germany (Task D3) and it has rteen broadly des-
cribed in /1/. Ia this context, the Ispra part
Zevelcp~-
ment of practical ultrasonic sealing tachnigues

to te used as a verification and identiication
means in Containment and Surveillance Safaguards
Inspections.

The sealing techniques develcped at Isprz
were first based on the original principle of a
seal embocdying intermal maxks, tw 2e read Yy an
extarnal transducer, hecpefully capable of seeing
a sufificient portion of the seal when »urt in f£xont
of it, at a well determined distance frcm its up-
per edge. The solution was Zound Lo »e promising
at the laboratcry level and the oroject of a cap=-
seai - to ke clamped on the uprer dart of a fuel
assemply - started with "“VAK" seais, named alter
the experimental nuclear Versuchsatcrmkrafiwerk fa-
cility at Xanl (FRG), whera sxperizental and Ze-~
aonstration campaigns zaks2 olace ceriodically., It
was an elegant solution offaring an 2asy-tc-opera-
te prccedure, because zhe transcucer aolcder was
very simple, recuiring no amoving parts, contrary
o the very first idea /2/, and also decausa the
incternal marks wnich wers embocdiad iato the seal
itself, in an unchangearle zmanner, were considerad
as a fulfillzent of the sasic ragquirsment oI 3ro-
tecticn against alteration. It is ianteresting =0
notice that, ac that i the Sancia Naticnal La-
boratories, Albuquerzue, wnich are also very active
in developing ultrasonic seals for Zuel assemblies
(FAID) , nad consicderad and acdcptad that very ccn-
cept as ‘a first solution /3/.

All tche axperience gained with the VAK seals
at JRC Ispra measures the eZfective distance ze-
tween laporatory test rzsults and actual orerative-
ness of a complete systen such as 2 sealing svstem.

12,

2. 3ACXGROUND

Essentiaily, in the rfirst proposed sslution,
the seal presented itself as a cvlindrical stain-
less 3teel objecz, 2bcut J3.5" in diameter and "
in height. It was o be Zastened on top of a rod
- thus its nape of cap-s=2al - o prevent lcosening
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a same head. As the transducers are both 13 mr in
diameter and since the one for the identity has to
rotate on a 7 mm diameter circle, the requirement
was momentarily abandoned for clear and mechanical
reasons. Next to this, the clarity of the demon-
stration experiments in Kahl asked for separate
wools to perform separate tasks. Having found ul-
trasonic sclutions for both identity and integrity
chekcs, we had to embody them in proper mechanical
devices.

4. MECHANICAL ASPECTS

Once the concepts chosen for the identifica-
tion marks and for the integrity evidence were
found to work properly, a particular effort was
put into building reliable mechanical solutioms.

A first point, related to the problem of integrity,
was to propose a gripping device which would seize
the tie-rod end easily. The grip and its jaws had
to be kept practically unchanged with respect to
the floating solution. Licensing authorities wan-
ted that no new material be used. The system had
to be safe, capable of supporting traction forces
of about 2600 N with no re-opening possibilities.
The inner clamping device had to break at about
1300 N (first breakage). The weak link, whose sec-
tion was about 1.8 mmZ, had to support the thrust
while pushing the seal down onto the tie-rod end.
But the grip, and the spring responsible for keep-
ing the seal steady, had to be protected against
overheating during the further brazing process
(about 1,100°C). To enhance the safety of the
locking process, we thought of a special closing
system wnich can be seen in Fig.4 in the "clamped"
position. While the seal is installed, the jaws
open, then go down, then close, and are seized
externally by a small safety ring. Under the reac-
tion of the main spring, which is compressed by
the thrust-cup in the bottom, the seal goes up af-
ter the operator has released his pressure and the
jaws go up, squeezed by the ring which wedges be-
tween cup and jaws, thus resulting in a perfect
grasp of the tie-~rod end.

During the extraction of the seal, the frac-
ture link is first elcngated, then broken; the
seal goes up, pushes upwards the cup, which catches
the tapered extremities of the jaws, which in turn
become wedged into the lower part of the cup. The
second traction can safely take place. The thrust-
cup prevents the extraction of the broken tie-rod
end. But, in any case, the fracture link indicates
either a seal broken at the first stage, or com-
pletely extracted.

The second point pertinent to the mechanical
aspect, was the one raised by problem number 3
mentioned above. The new identification tool had to
be completely designed. In principle it had to
fit a seal positioned on a fuel assembly and then
provide a regular rotation of a transducer above
that seal under identification. It was decided
to use the same system both for laboratory tests
(in a short configuration) and for in-field expe-
riments (in long configuration). The concept was
to keep the driving motor above and to transmit
the rotation to the transducer holder through a
shaft rotating into an external aluminium tube.
The shaft and the tube had to be splitable into
separate elements about 1.5 m long. For that tool,

we were rather free as.to its design, as no ex-
treme requirements were imposed. We wanted to have
the tool as light as possible and wanted the rota-
tion of the transducer holder to be regular and
linear. The lower part was designed with a rotating
drum, having an excentrated hole to host the trans-
ducer. That drum could not use ball-bearings due

to lack of room to place them and it had to rotate

with no excessive play, no vibrations, in water.

It was finally located in a cylindrical well, the

sliding being ensured by three low-friction blades

inserted in the drum. The drum was also connected
to the transmission shaft through a bellow allowing
flexion to take place but no torsion. The fitting
between different sections of the shaft was care-
fully studied so that no additional play was added
while using the long configuration. The first time
that the new tool was used at the Kahl facility, it
appeared to work properly. Unfortunately, during
the decontamination process, the lower body and

the drum were slightly damaged so that the rotation,

for the experiments at Ispra, was found to have

some vibrations. Ffor this reason we decided to
build a second unit,

As a matter of fact, after the campaign in No-
vember 1984 at the Kahl facility, we already thought
of a further improvement of the VAK III seal which
would have resulted in a shorter configuration but
with a radius of exploration increased Zrom 3 to
3.5 mm. Clearly, the drum head had to be re-desig-
ned and two new identical tools were built. One
of them has been used successfully at Kahl during
the recent experiments on May 22, 1984. So, it is
interesting to observe that in the present matter,
each time vou modify vour seal, you have tc modily
the drawings and to build new tools, partially or
completely. You cannot afford to eliminate an older
version as you will need it for further re-identi-
fication of the corresponding seals. It is advi-
sable to seek a certain standardization in order
not to £ill the room in the reactor with plenty ol
tools! '

The present procedure uses Zour diiferent
tools:

- a tool for placing the seal (and the reaction
bushing) on the fuel assembly. It works for all
VAK seals configurations, as they all have the
same diameter. It stays in the reactor;

- a tool for checking the integrity. It is a single
long tube which fits the seal axially. It would
also work for identifying VAK I and VAX II seals
if this was needed. It stays in the reactor;

- a tool for breaking the seals. It is heavier and
more sophisticated as it embodies a section for
measuring the breakage forces. Its lower grip
has to be interchanged according to the extracted
seal. It has been modified, on site, several
times. It has always worked properly. It stays in
the reactor;

- a tnol for the identification as described above.
The extreme sections: transducer-holder (down)
and driving-motor (up) are broucht back to Ispra,
after each campaicn. The intermediate extending
sections are kept at the facility.

Another requirement, stated last year, was t
seek for the performance of identification checks
directly on the irradiated F.A., in the bottom of
the pond. Yet, no attempt has been made ts do this,
but the identification tool is provided with suf-
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Table I - Butocorrelation factors

Seal nb 12 13 14 15 16 18 19 20

ispra 59 98 .97 .93 .94 .93 .93 .97
Ispra :

el .81 .96 .98 .98 .98 .86 -.99 .94
Kanl

Kanl .98 .95 .96 .97 .98 .77 .96 .98
Ispra

On the same batch, tests on the independence
Zrom temperature have given 16 coeificients grea-
ter than C.95 and tests on the independence from
transducer change have given 23 values higher than
0.92 and one spurious value of 0.88. For these two
spurious values of .77 (see table) and .88, we
usually refer to a second estimator, i.e.:

R* = R/X-y which allows us to remove the doubt.
If the seals are diZferent, RY is low, if not, it
tends to infinity.

Other estimators have also been tested and
are mentioned in /8/. Othexr methods consist of
working on the signal digitized data by performwing
smoothing, sampling, filtering, to get "sufficient-
ly" hich correlation coefficients. Obviously, they
are used preferably when the outcoming signatures
are not so much similar from one experiment <o the
other. They can be useful to eliminate unexpected
noise added on a basic signal. But taking out a
noise Zrom.a signal can also deprive it of its
random nature.

It is important to underline that the methods
to check an identity by a signature of the £(%)
kind are available. The correlation factors or
"error” estimators are valid and it is expected
to have good probabilities of making a correct
statement once the physical property giving the
signature is suificiently reproducible. Making
nurerous experiments is certainly a good approach
To get an idea on how the populations of the
"cross" and of the "auto" correlaticn are distri-
buted. But another approach has to be considered.
This is the estimation, through probability den=-
sity functions, of the actual randomness of a par-
ticular type of mark, or sigrnature; the relation
between the correlation factor populations of a
small tested batch and of a large unknown series
of the same type and the effects of parameters
such as: number of data, shift, expansion, driZf:,
smoothing, averaging, filtering, etc. on the rich-
ness of a determined type of marking process. We
can consider that the question should be discussed
with safeguarding authorities, within ad-hoc
groups.

€. CONCLUSIONS

We have tried to review the problems raised
by the development of an ultrasonic sealing device
covering both those that have been solived comple-
tely and those that have only been partially sol-
ved. To do this, we have referred to a specific
develooment related to the LWR fuel assemblies and
to the so-called VAKX seals, studied at JRC Ispra,
in the fIramework of the FRG Support Programme to
“he IAFA. Throughout our technical description, an

attempt nas reen made to separate two xinds of
general problems or questions. We called "Class T"
problems the ones concerned by the things themsel-
ves, i.e. related to the nature of the phenomena;
and “Class P" problems, the ones coming from the
wishes - or requirements - of operators or autho-
rities, often without regard to the nature of the
difficulties they raise from a technical poin+t of
view. It was shown to what extent thev sometimes
are compatible one with the other, and sometinmes
not.

While giving an illustration of the various
disciplines involved: ultrasonics, mechanics, com-
putation, we wanted to underline the necessity, Saox
succeeding in such an R&D, of involving the &iZ-~
ferent partners, and in particular the manufactur-
ers, the operators and the Safeguarding authorities,
at the very start of the development. It is desi-
rable that the safeguard systems be caonsidered as
a part "in se" of the safequarded items, in the
future. It would avoid some misunderstanding about
what is possible, ané help to frame more exactly
the tasks of the systems developers. This would be
particularly true Zor the next generation of fuel
assemblies, to be used in automatically controlled
facilities.
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1. Scope of the present study

Propose and realize a distance-piece compatible with

the modified Exxon XN-1 F.A.Upper End Cap Tie Rod

and the VAKX 2 Ispra Cap Seal. The distance-piece having
the main purpose to avoid the Upper Tie Plate ¢of a sealed
Fuel Assembly being mishandled or moved with respect to
the Bundle, without breaking the Cap Seals.

Provide the Reactor Facility of Xahl (FRG) with a number
of such distance-pieces equal to the number of Cap Seals
vhich are planned to be installed, i.e. 72 &

2, Specific requirements

a/ The distance-piece should be fitted to the Cap Tie Rod
so that it will be easy to put in and to pull out whether
the Upper end of the Cap Tie Rod has been broken during
Seal extraction operations or not.

b/ The distance-piece should resist the longitudinal force
necessary to break the Tie Rod End during Seal Extraction
operations. It has to be considered as a support for the
U shaped base plate of the extracting tool.

c/ The distance-piece should be Ffitted to the Tie Rod, pos-—
sibly with no additional parts like clamping screws, nuts
€tCess

d/ Once the distance-piece has been put in, rotation of the
Oval Locking Sleeve must be impossible., The Oval Locking Slee-
ve is positioned along the Tie Rod, from above by the Adjus-
ting Nut and from underneath by the thrust of a light helicoid
spring. The Locking Sleeve finds its locking position inside
an oval hollow worked out of the upper part of the Tie Plate,
after this last one has been pressed down and then released.
Thus, the distance-piece must prevent any rotation of the
Locking Sleeve, even after the Upper Tie Plate has been de-

pressed,

e/ The material chosen for the distance-piece must be com-

patible with the operating conditions.

(°) Information in the margin refer to figures, drawings
or documents given after the text and related to the
topic in discussion in the front lines.
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2. Specific requirements (cont'd)

£/ The distance-piece should keep steady during the Reac-
tor operates normally.

g/ The design for the distance-piece should not require
Further changes in the Exxon Modified Tie Rod as defined
by XN-NF-304,331. Neither for the Adjusting Nut or Locking
Sleeve or Upper Plate dimensions and tolerances.

3. Proposed solution

3.1 First Version

Looking for an easy-to-manufacture, simple solution, it

wvas suggested to have, as a distance-piece, a so-called:
"Intermediate Bushing" ("Zwischen Buchse"), which would be
elastically fastened around the Adjusting Nut cylindrical
surface, by friction. Thus avoiding the use of any additional
part like screw, pin cor nut.

A first solution, consisting in a simple opening cylindrical
ring provided with two legs was experienced and also demons-

(Fig.2)

trated to the Group in Karlsruhe.

The way it works is as follows:

- Putting in:
(£ig.1 + - The Bushing is forced 1ightly onto the Adjusting Nut
80-1174~07) which tapered upper edge eases the insertion.
- During insertion, the Bushing Legs penetrate into. the

(fig.1 + room kept free in between the cylindrical Tie Rod and

80-1174-00F +
8C-1174-08)

(fig.1)

the oval Well machined out of the Tie Plate. Thus any
rotation of the Oval Locking Sleeve is prevented, even
if the Tie Plate is depressed.

- Insertion ends when the intermal flat surface of the
Bushing enters into contact with the upper flat surface
of the Adjusting Nut, thus offering a support for
reaction during eventual further breakings of the Cap
Seal,

- EBxtracting:

- The upper collar of the Bushing is easily seizable with
a simple tool ( nipper ), provided that the tool is



(fig.3+
£ig.4)

(£ig.s)

(test
report)
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- Extracting (cont'd)

not pressing the Bushing on the Adjusting Nut du-
ring the extraction. Thus the extracting force should
be about the same as the putting-in force.

- After extraction, the Bushing is kept attached to the
Nipper up to a place where it can be separated with
no risk of falling in the pool.

3.2+ First experiments

A special bench was built to allow the measurement of the
friction force necessary to insert or extract a simplified
bushing (no legs, no collar) on and out of a normal Adjusting
Mut provided by Exxon. It could work either in room conditions
or in wvater at 250°C and 40 Bar.

Experiments performed either in hot or in room conditions have
shown no sensible differences in the friction forces Bushing/
Nut. So it was decided to perform all experiments on a simpli-
fied bench, as presented to the Group in Karlsruhe.

It was also observed that "putting in" and"pulling out" forces
vere of the same order. Repeating the operations "in" and "out",
vith the same pair Bushing/Nut, was found to decrease a small
amount the friction force. This because - and differently from
the actual situation for which only one or two operations are
planned - of the "running.in effect", when re-passing on the
same position.

3¢.3. Results with first version

Starting from the tolerances declared by Exxon on the drawings,
the Nut outer diameter is .360 ¥ .005 inch, or :

9.144 mm ¥ 0.127 mm (exact)

But, a batch of 20 nuts taken out of the 3,000 made by Exxon
has shown a better quality ( dispersion 2/1,000 or 0.018 mm),
and Exxon people have indicated that most probably the disper-
sion in the outer diameter of the nuts will be actually of
X.0.01 mm.

Whereas no difficulties were found in making a bushing with

a single longitudinal slot, keeping a reasonable friction
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Results with first version (cont'd)

force on the Nut, with the tolerances actually found, it

was difficult to adapt without deformation on a Nut special-
ly made with the higher possible theoretical outer diameter
of 3650 inch or 9.27 mm .

Also, the friction force was very small wvhen putting the
bushing on a Nut built with the smaller possible theoretical
outer diameter of .,3550%"or 9.017 mm.

For the precision, the diameters we have used were:

d min = 9.010 mm
d nom = 9,160 mm
d max = 9.280 mm

During these tests it appeared that the extracting force

for such a light piece, when handled directly or distantly
by one operator, should be of about 50 + 100 N. It is, in
fact important that the force, when a long tool will be used,
be sufficiently high to be sensitive to the operator.(°).

Different types and shapes deriving from the first version
were studied and measured, with different bending rate given
to the 1lips prior to put the pieces (Inconel 750) in heat

(fig.6) treatment ( 2 hours at 650°C). The one shown in the photograph
down on the right, with 4 slot was then selected.
3.4, Second Version and Results
The second version is different from the first one as:
1/ The collar is rigid in place of being cut by
(fFig.1+ a slot, thus increasing the handling possibilities
80=1174-06) and allowing to re-use an existing extracting

tool in Xahl (the one for putting the seals in)

2/ Four slots are machined, in place of one, thus
allowing a better symmetry. Four lips are avai-
lable: two are kept as from fabrication and
bear the locating legs; two are to be lightly

(°) Approx. weight of a bushing: 5.5 grams



(Fig.7)

(£ig.8)

- 85 —

Second Version and Results (cont'd) 2/

bent toward the center, around a calibrated pin,
in such a way that, after the heat treatment, they
work like two opposite springs.
With respect to the first version, the second version has
the same general dimensions.

The second version configuration was found to offer a better
flexibility to adapt either on the maximum diameter (d max)
or on the smaller one (d min).

After a series of different tests, the results were consi-
dered as acceptable when the following friction forces were
obtained:

in out
on d min 40 N 30 N
on d nom 75 N SO N ( room conditions)
on d max 230 N 190 N

When compared to other tests, these figures can be consi-
dered as typical.
These results were obtained with a pre-bending of the short
1lips, which were pressed onto a 8.2 mm diameter pin, as shown
on the sketch, the internal diameter, at the lower extremity
of the 1lips,being of 8.85 mm after the squeezing force was
released.
The following heat treatment was then applied:

2 hours at 650°C and natural cooling in air.
No change of the internal diameter was observed after the
heat treatment.

Generally, the bushing return ta their original dimensions
after mounting on Nuts with d min or with d nem.

After mounting on Nuts with d max, the internal diameter was
found to be increased from 8.85 mm to 8.90 mm. But it is re-
called that the probability to find such a Nut is extremely
low and, even so, a bushing - once fastened to its Nut -
would normally be used only with that particular Nut.



(£ig.9)

(fig.2)

(Nickel Con-
tor +
Cabot)
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These results can be considered as facing correctly
the requirements as mentioned on point a/ to g/ in
page 1 and page 2.

Furthermore, the proposed solution, in second version,
allows to use the same tool for:

- Putting the bushing in

- Putting the seal in

- Extracting the bushing
provided that the mandrel of the existing tool be
modified by making a simple circular groove in the bot-
tom of the gripping nippers.

The solution also is flexible in that it is ever possible to
increase or decrease the friction force level, througn an
adjustment of the bending of the 1lips.

In the presented version the figures as on the Table in

page 5 are valid.

The good functioning of the bushing were tested on an Ispra
made mockup as shown on the photograph, in this report.

This mockup was built according tothe available Exxon drawings.
Another mockup, representing the higher part of a Fuel
Assembly ( Tie Plate with its 8 locking rods ) would be
available by the end of August 1981, to perform eventual
complementary tests.

3. Handling tool

As mentioned above, the handling tool is the same as the one
used for putting the seals. The mandrel was removed from the
Tool in Xahl, and modified at Ispra. Once installed again

on the tool, no special operation is requested to pass from
the sealing function to the "putting bushings" or "extracting
bushings" functions.

4. Bushing fabrication

The fabrication was ordered at 1/7/81. ( 80 pieces )
Material as specified in the present report in fine.
Bending and preparation of the bushings is planned to be
made for the beginning of September.
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6. Figures and drawings

The following are available after the text:

FIG 1 General view of the Locking Device of the Upper
End Cap Tie Rod

FIG 2 Photograph of the Ispra-made Mockup

FIG 3 Testing Bench for Hot Water experiments

FIG 4 Drawing of the Hot Water Test Bench

FIG 5 Photograph of the Simplified Test Bench

FIG 6 Photograph of different configurations for the Bushing
FIG 7 Diagram of the recordings of the friction force

in case of the second version Bushing.

FIG 8 Sketch of the bending procedure to be applied to
the Bushing

FIG 9 Modification of the 3-fingers Mandrel of the handling
Tool already existing in Kahl.

80 1174 07 Drawing : Adjusting Nut

80 1174 OOF Drawing: Locking Sleeve Location

80 1174 08 Drawing : Locking Sleeve

Test Report Table : Measurements of 20 Adjusting Nuts

80 1174 06 Drawing : Bushing (Zwischen Buchse) in final version

Order and Specifications of the X-750 Alloy used for the
fabrication of the bushings.
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Abstract

During the year 1983, a particular effort
has been devoted by the JRC-Ispra to improve de-
finitively the VAK Seal and the related sealing
technique. A new version has been studied which
embodies a stronger marking process for the
seal's identification and a breakable grip to
improve the integrity check, but keeps unchanged
the external shape and the attachment feature to
the fuel assembly. The results obtained for the
last experiments in Kahl are presented in this
paper.

1. Introduction

It is now well known that experiments are
carried out periodically at the Kahl facility,
in the Federal Republic of Germany, aimed at the
assessment of the feasibility of sealing systems
for safeguarding LWR Fuel Assemblies. This acti-
vity is part of the FRG Support Programme to the
IAEA and its framework is the Task D3 and rela-
ted Group. The performance of such experiments
in realistic in-fileld conditions is made possible
thanks to the opportunity offered by the Kahl
facility (Versuchsatomkraftwerk) and the research
and development of the sealing techniques are
implemented by two different laboratories wor-
king presently on two possible solutions both
using the ultrasonic principle. SANDIA National
Laboratory, Albugquerque, USA, works on a solu-
tion with external marks to give an imprint to
the seal, whereas ISPRA Joint Research Centre,
Italy, is working with internal marks for the
same purpose. Within the D3 Group other interests
are represented which include electricity sup-
pliers (VDEW, RWE), power station operators
(VAK, RWE, BW), someipotential seals manufactu-
rers (NUKEM) and fuel producers (KWU, EXXON) and
of course the International Atomic Energy Agen-
cy. The activity of this group, along with its
composition has been given several times in the
pastl,2 and what is being presented in this con-
tribution mainly deals with the progresses ac-
complished since 1982 with the sealing technique
developed at Ispra and with the seal called
vVaK III.

This work is due to a desire not to stop
the development of an ultrasonic sealing tech-
nique - based on the internal marking of the
seals, even though discouraging results were ob-

tained for what concerns the integrity check re-
quirement, the signature repeatability and vul-
nerability tests outcome. The decision was also
linked to the fact that many features, developed
in connection with the seals, had proven to work
correctly and these appeared to be as important
as the seal itself in the sealing procedure.
Such features include handling tools, locking
configuration, materials suitable for the seals
fabrication, brazing skill, ultrasonic instru-
ments, etc.

On the .points related to these difficulties,
it was decided to review the concepts which were
kept unchanged until 1982, i.e. stationary rea-
ding and integrity check through an internal
check of the tierod end (never implemented). Thus
we were led to reshape the solution while keeping
as much as possible of what had been imposed by
the past and found to function correctly. A ten-
tative experiment to use mechanically obtained
external markings as a means to get stronger
marks was shortly abandoned at the prototype le-
vel because no sufficient protection against for-
gery could be displayed. It was soon followed by
the so-called internal external marking process
(MEI: after the French words: Marquage Externe
Interne), which means that solid elements are
first worked with mechanical tools and then in-
corporated into a body which in turn is closed
with a plug, the wholé structure being then
brazed in an inhomogeneous and random manner.
This process leads to an effective internal mar-
king provided with stronger defects, or cavities
(whole magnitude is unpredictable) and difficu’t
to tamper with. These kind of marks also require
that the transducer is moved with respect to the
seal body so that the inside of the seal can be
"read" and as much as possible of the cavities
reviewed by the focalized transducer.

2. Background on the Basic Requirements

Numerous attempts have been made in the past
years to define in an exhaustive way the crite-
ria and requirements for the production of seals
and sealing systems3. Nevertheless it can be
useful to make some comments on the basic re-
quirements in the light of the experience gained
so far.

According to the general concept, a cap-
seal is aimed at the prevention of any possible
dismounting of a fuel assembly, following the
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5. Conclusions

We have presented the efforts JRC-Ispra has
put -into the seal VAK III, which is a cap-seal
to be used on LWR fuel assemblies like the ones
prdduced by KWU or by Exxon. This effort was
made possible within the D3 Task of the FRG
Support Program to the IAEA and the in-field de-
monstrations could be prepared and realized on-
ly through a strong collaboration with the Kahl
facility operators and taking into consideration
the technical comments from the Electricity
Authorities. .

The sealing technique and the seal have
been reshaped in the light of the previous expe-
riences. The steady transducer has been abando-
ned and stronger markings have been successfully
introduced in the seal body so that the concept
of internal marks could be maintained. With res-
pect to the previous solutions (VAK I and VAK II)
decisive progress has been obtained at the labo-
ratory level and demonstrated in-field condi-
tions on the integrity check technique, on the
identification technique, on the vulnerability
and on the automatic check procedure and related
data comparison and correlation methods.

- Both the safeguarding possibilities and the
reliability of the sealing technique have been
improved with the VAK III MEI seal. There are
indications that further requirements can be
fulfilled as for the length, the dry-testing and
the automatic processing of the data. This ap-
plies in particular to the adoption of low cost
minicomputers for the simplification of the pro-
grammes.
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LAST PROGRESS OF THE VAK III SEALING SYSTEM

B.C. d'Agraives, G. Dal Cero, R. Debeir, E. Mascetti, J. Toornvliet, A. Volcan
Commission of the European Communities, Joint Research Centre - Ispra Establishment
21020 Ispra (Va) - Italy

Abstract

During the experimental demonstration perfor-
med in May 1984, at the Kahl reactor (FRG), the
VAK III ultrasonic seals developed at JRC Ispra
for the sealing of LWR fuel assemblies were found
to work properly and to be easily reidentifiable.

Nevertheless, other improvements were indica-
ted and requested concerning the handiness of the

operating tools and a possible simplification of"

the correlation technique used on the spot, while
performing a seal identification.

The work done, along with the progress obtai-
ned are presented, with a particular emphasis to
the improving of the data processing and to the
new adaptability of the identification instrument
to various checking situations, in dry or in wet
cenditions, according to the requirements of the
potential users or inspectors.

1. Foreword

The VAK III Sealing System is developed at
JRC Ispra and tested in collaboration with FRG, in
the framework of the Support Program to the IAEA.

It involves essentially special ultrasonic
Seals for the safeguarding of BWR fuel assemblies
and Special Devices to be used for checking and
identifying them, in a nuclear plant, in condi-
tions which should be acceptable to the Safeguards
or Inspection Authorities.

Numerous field tests have been conducted in
the recent years, at the Kahl facility (Versuchs-
atomkraftwerk), which is a BWR experimental reac-
tor plant and was given its name (VAK) to the se-
als developed at Ispra purposely.

Sirice November 1983, the VAK III new version
of sealing system appeared to fulfil the basic re-
quirements from the operators, from the licensing
authorities and from the potential users such as
the safeguards organizations. The demonstrations
performed at Kahl also indicated further progress
‘to make and improvements to bring to the system.

It was also recommended to perform as much as
possible tests at the Kahl facility before its
closure, by the end of 1985 and according to its
own operating plans. Neverthess, no campaign has
been asked in May 1985, and a conclusive one has
been announced in October-November 1985.
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2. Introduction

In the previous ESARDA Conference (Venice -
May 1984), we presented the VAK III Sealing System
along with some results obtained with the new type
of seals, at Ispra and during the Kahl demonstra-
tion in November 1983 [1].

During the week next to the Venice meeting,
a second demonstration campaign was conducted at
Kahl, and newly built seals (VAK III MEI b), pre-
pared and pre-identified at Ispra, were installed
on fresh fuel assemblies and reidentified on the
spot.

The third campaign at Kahl, in October 1984
has proven to be an important milestone in the
development of the VAK III Sealing System. In ef-
fect, all seals put in the reactor six or twelve
months ago could be reidentified successfully;
a batch of twenty-four new seals could be instal-
led on other fresh fuel assemblies, and reverified
with a new versatile Identification Equipment,
either in water or in dry conditions. In addition,
a novel Compact Instrument was presented and used
for the first time at Kahl. It can perform the
data processing which is required for a verifica-
tion, directly on the spot in such a way that a
transfer on a desk computer is no more necessary
to do.

In this paper we report on the progress which
we consider as fulfilling the feasibility require-
ments one can ask to such a Safeguards system.
We also indicate still further improvements under
consideration and possible extensions or applica-
tions we see for the future.

3. Kahl Demonstration in May 1984

Preliminary Tests

Before the campaign in May 1984, preliminary
tests were performed at Ispra in order to check
that the Random Identity Pattern of the VAK III
seals was independent from:

- Temperature changes

- Transducer replacement

These tests have been already reported brief-
ly in [2]. Their main result was that the Identity
Patterns obtained from a same seal at different
temperatures and/or with 3 different transducers
of the same kind could be considered identical,
and identified as such. The comparisons were based
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6. Conclusion

The last progress realized with the JRC deve-
loped VAK III Sealing System has been presented.
Two campaigns conducted at the nuclear facility
of Kahl in 1984 have been described and their re-
sults indicated.

It is now clear that such a sealing system
behaves correctly under irradiation; can be identi-
fied in water or in dry conditions; offers to the
inspecting users a flexible possibility to compare
"the seals one with respect to the others,

The main achievements can be summarized as
follows:

Vak III seals can be put,
tegrity checked:

— In dry conditions (manufacturer plant)

— In the dry storages

- On stripping machines

— Directly in the wet storage racks

~ On fresh or irradiated fuel assemblies

- They can be extracted from an

fuel placed on a stripping machine and brea-

king forces can be measured

Thanks to the use of a Compact Instrument,

identified and in-

irradiated

419

it is possible to identify a seal on the spot wi-
thin about 7.5 minutes, which is the medium dura-
tion observed at Kahl.

Although no particular encouragement has been
indicated to date for a further application of
that sealing system, Ispra is considering possible
additional improvements to bring and extension
applications to different other Safeguards items.

A "last but not least" campaign at Kahl is
being prepared for October 1985.
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