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ABSTRACT

The Centra Decontamination Operation Department (HDB) of the Research Center Karlsruhe
operates facilities for the disposa of radioactive waste. In generd, their objectiveis to reduce the
volume of the radioactive waste and to obtain waste products suitable for repository storage.

One of the centrd facilities of the HDB isthe ILW scrapping facility which processes
intermediate level waste. Since the ILW scragpping facility was not large enough to handle
radioactive waste coming from the dismantling and operating of nuclear facilities HDB

expanded and built alarger hot cell. It contains ahydraulicaly driven metd cutter with aguiding
channd and a high pressure compactor. A mgor task in the hot cdl of the ILW scrapping facility
isdisposing of fuel eement boxes. These are cut in pieces and scrapped, which isaunique
technique in Germany for fud dement box disposa.

INTRODUCTION

The Centra Decontamination Operation Department (HDB) is a subdivision of the
Forschungszentrum Karlsruhe GmbH responsible for the treatment of radioactive waste.
Therefore, the HDB operates among others afacility for conditioning intermediate level wadte
(ILW). Since the HDB processes waste from the dismantling of research reactors and the
reprocessing facility at the Forschungszentrum Karlsruhe as well as from externa nuclear power
plants, the amount and the dimensions of the accumulating waste required the indalation of a
new ILW scrapping facility. The main prerequisite was to reach a sgnificant reduction of the
resulting waste product volume in order to lower the find storage cogts. Planning and redlization
of thisILW plant extenson was carried out in close cooperation with the Gesellschaft fur
Nuklearservice (GNS). Severa new concepts of handling ILW were incorporated into the new
facility. Since its commissoning in 1997, the conditioning of fuel eement boxes has proved the
applicability of these tools.

OVERVIEW OF THE | LW SCRAPPING PLANT

Figure 1 shows an overview of the new ILW scrapping plant. The design reflects the successve
steps of the conditioning process.

The process starts with the unloading of the transport casks. The locks and the transport
equipment of the ILW scrapping plant are designed to handle the following types of transport
casks with inner containers:
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Large transport containers with atotal mass of up to 100,000 kg (e.g. German standard type
container MOSAIK 80 T, seeFig. 2)

These trangport casks contain core internas from nuclear power plants such as fud eement
boxes. For unloading, they are placed on arailcar and moved into the transport cask lock.
Then the cask is moved to the docking system of the shielding gate between cdll 130 and the
transport cask lock. The shielding window can be opened only after the cask istightly
coupled to the lock. Then the remote—controlled remova of the lid and the unloading of the
carrier cage from the transport cask into cell 130 takes place.

Transport containers of up to 1500 mm height and single drum containers (e.g. German
standard type container MOSAIK 1)

They are transferred into the loading/unloading cdll by use of atransport carriage. There, the
lid of the trangport cask is removed by aremote—controlled heavy load manipulator which is
a0 utilized to move the waste-filled inner containers onto another transport carriage. The
delivered wagte is required to be packed in inner containers to prevent an inadmissibly high
contamination of the loading/unloading cdll. The inner containers are subsequently locked
into the cdll 130.

126B transportation cask lock

128 ILW working cell 1 T 1 c_Iocking system
129 loading/unloading cell 2ot y . 2 lid removal system
130 storage and loading cell A .~ - 3 transport wagon
131 processing cell . =9 4 double-lid-lock
132 operation room 5 metall cutter

6 high-pressure comps

. 175 ., 181

132

Fig. 1.  Schema of the new ILW scrapping facility
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Fig. 22 MOSAIK 80 T transport cask filled with fuel element boxesin front
of the transport cask lock

Cdl 130 is used for maintenance and repair work aswell as for the decontamination of
containers and machinery, if necessary. From here, the inner containers are moved on to the
processing cdl viatwo different lock mechanisms depending on their geometry. Drums with a
volume of 200 | and 400 |, respectively, are handled by a specid drum lock. All other containers
are trandferred into the processing cdl through a shidding gate by trangport carriage.

In the processing cdll, metdlic waste of a Size corresponding to the inner dimensions of 200 | and
400 | drums as well as bulky waste such as tubes, profiles or sted tanks up to alength of about
4.5 m can be processed and conditioned.

According to the processing concept, the contaminated or activated waste is, if necessary, sorted
on a sorting table using master-dave manipulators. To reduce long components such as core
internas to smal pieces, the processing cdl contains a hydraulicaly driven meta cutter with a
guiding channel and a cut length limitation unit (s. Fig. 3). The resulting pieces are packed into
cylindrical sheet meta cartridges, which fit into the high pressure compaction unit. There, a
volume reduction by afactor of 4 to 6 is achieved by a compaction pressure of 500 bar. The
compaction unit can be equipped with three different samps whose diameters are 535 mm, 624
mm or 710 mm, respectively. The samp exchange is done remote-controlled by manipulators.
The advantage of thisisthe ability to adapt to different waste dimensions.
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Afterwards, the processed and compacted cartridges are packed into drums. These are returned to
the loading/unloading cdll viathe drum lock and cell 130. In this cell, the packaging into

containers suitable for fina storage is performed. Following the rel ease measurements, these
containers are removed from the ILW scrapping plant.

Fig. 3: View of the processing cell with metal cutter and high pressure compaction unit

CONDITIONING OF FUEL ELEMENT BOXESASAN EXAMPLE OF ILW WASTE

For the trangport of fuel dement boxes from the nuclear power plants to the ILW scrapping
facility specia transport casks of the MOSAIK 80 T type are used. Each MOSAIK 80 T contains
acarrier cage with 66 fud element boxes (see Fig. 4). After unloading the carrier cage from the
trangport cask, it istransferred to the processing cell by atransport carriage. There, the fuel
element boxes are extracted and separately cut into pieces with the hydraulicaly driven metd

cutter. The size of these piecesis determined according to the totd radiation exposure time

during operation of each fud dement box. Due to the varidble cutting length, it is possible to

react immediately to the different requirements. Afterwards, the pieces are packed into 170 |
cartridges, which can hold 4-6 fud eement boxes each.
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Fig. 4. Carrier Cage of the MOSAIK 80 T containing 66 fuel element boxes

Experience has shown that additional shaking of the cartridges filled with fue eement box
piecesis useful in order to minimize the cavity in the cartridges after cutting. After this, the
cartridges are compacted with the high pressure compactor. After compaction the pellets are
packed remote-controlled into 200 | drums according to their weight and height in order to
optimize the drum use. After trangport to the loading/unloading cell, the 200 | drums are packed
into specid transport casks of the MOSAIK 11 type. Because of the high dose rate of the fud
element boxes, these trangport casks contain an additiona 40-50 mm lead inlay to ensure
compliance with alowed dose rate levels.

Cutting and high pressure compaction of the fue eement boxes only would result in aout 17
fud dement boxesfitting into one 200 | drum. Due to the shaking of the cartridges, the number
of fuel dement boxes per 200 | drum has increased to up to 22. Thisleads to areduction from
previoudy four resulting waste products to three.

Until the end of 1999 atotd number of 396 fud dement boxes from the Philippsourg nuclear
power plant and another 396 fuel eement boxes from the ISAR nuclear power plant were
conditioned in the new ILW scrgpping plant sSince its commissioning in 1997. Two further
transport casks of the MOSAIK 80 T type are dready in store a the HDB, waiting to be
conditioned in 2000.

DESCRIPTION OF THE WASTE PRODUCTS

As described before the fuel element boxes are packed together in cartridges and subsequently
compacted. The resulting pellets are different in their height depending on the effect of shaking
the cartridges before compaction. Even if the number of fud dement boxes seemsto be smilar
in each cartridge, the effect is seen on the height of the resulting pellet. The average height of the
pellets without shaking is about 27 cm, while the average height with shaking is about 23 cm.
Normally each cartridge contains 5-6 fuel eement boxes. But after the shaking only 2/3 of the
total volume of the cartridge is used. The cartridge will not be completely filled in order to reach
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an optimum of volume reduction, the cartridge should not be too heavy. Table 1 and 2 contain
the exact pellet data after compaction. For this comparison two batches with fuel element boxes
of the Philippsburg nuclear power plant without shaking and two with shaking are taken. The
results of the other batches are smilar.

I dentity Pellet-Number Number of fuel Height of the pellet
(M80T) element boxes [cm]

80003 25
29
28
A
27
23
26
25
21
26
24
26
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27
27
28
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25
28
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28
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28
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Tablel: Comparison of number of fuel element boxes and the resulting pellet height after
compaction without shaking of the cartridges
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I dentity Pellet-Number Number of fuel Height of the pellet
(M80T) element boxes [cm]

80004 29 5 20
30 6 22

31 6 22

32 5 19

33 6 25

A 5 22

35 6 18

36 5 23

37 6 27

38 6 22

39 5 24

40 5 26

Result 66 270
80005 17 5 20
18 5 21

22 6 25

23 6 22

19 5 20

20 5 20

24 6 27

25 6 25

28 5 24

27 6 23

26 6 28

21 5 18

Result 66 273

Table2:  Comparison of number of fuel element boxes and the resulting pellet height after
compaction with shaking of the cartridges

ACTIVITY OF FUEL ELEMENT BOXES

While loading the fuel eement boxesin the MOSAIK 80 T transport cask at the nuclear power
plant, the activity could only be estimated. The fud element boxes are stored in weter basins

until the loading. Under water the dose rate of each fue element box is measured. The dose rate
of the fuel ement boxes varies depending on the radiation exposure time of the fuel ement

box. The dose rate of the fuel element boxes compacted at the HDB varied from 0.3 upto 2 Sv/h
on the surface. After compaction a dose rate up to 120 Sv/h was measured on the surface of the
200 | drums.

The activity of the fuel eement boxesis caculated from their exposure time in the reactor. By
the knowledge of the nuclides coming from the activation of the fud dement boxes and the
exposure time of each fuel eement box the total amount of activity of the 66 fud eement boxes
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can be caculated. This caculation provides the complete declaration of the fud dement boxes
for the transport and for the conditioning & the HDB.

It is noted which fuel element boxes are packed together in the cartridge for compaction. After

the compaction, the resulting pellets are loaded in 200 | drums and it is recorded which pellets

are loaded together. The dose rate on the surface and in distance of 1 m is measured. The average
doseratein at 1 misused to caculate the activity of the waste product. Each nuclide contributes
to the dose rate. From the contribution of each nuclide to the average dose rate the activity of

each nuclide can be caculated. This methods provides a precise determination of the total

activity. A comparison of pre-processing and post- processing activity has shown that the
cdculation of the fud dement boxes dightly overestimates the activity. Table 3 showstheratio

of the both activities on the example of the fud dement boxes of the Philippsburg power plant.

I dentity pre-processing post-pr ocessing post/pre-ratio
(M80T) activity [Bq] activity [Bq]

80001 11E14 22E13 0,16
80002 11E14 22E13 0,20
80003 13E14 22E13 0,17
80004 18E14 6,7E13 0,37
80005 19E14 58E13 031
80006 25E14 59E 13 0,24

“Number of resulting waste products: 3

Table3:  Comparison of the pre-processing activity and the post-processing activity on
example of fuel element boxes of the Philippsburg power plant

CONCLUSIONS

The processing of ILW waste in the new ILW scrapping plant has shown that the described
method of handling ILW is anew possibility of conditioning. Besdes, experience has shown that
the cutting of metd waste with following compaction is very practicable and economic due to
the savingsin finad storage volume. Furthermore, compared to other methods of conditioning the
dose rate for the personnd is dso reduced to a minimum.

After afew adaptations, in the new ILW scrapping facility nearly al kind of core internds can be
conditioned. Therefore, the new ILW scrapping plant provides flexibility and effectivenessin
handling ILW.
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