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Abstract

In 1994, due to the change of the nuclear law in Germany, the concept of direct final disposal for spent fuel was
developed as an equivalent alternative to the waste management with reprocessing. Since 1979, tests for the direct final
disposal of spent fuel have been conducted in Germany. In 1985, the State and the utilities came to an agreement to develop
this concept of waste management to technical maturity. Gesellschaft fur Nuklear-Service (GNS) was commissioned by the
utilities with the following tasks: to develop and test components with regard to conditioning technology, to construct and
operate the pilot conditioning plant (PICA), and to develop casks suitable for final disposal. Since 1990, the construction of
the PKA has taken place at the Brennelementlager Gorleben site. The PKA has been designed as a multipurpose facility and
can thus fulfil various tasks within the framework of the conditioning and management of spent fuel assemblies and
radioactive waste. The pilot character of the plant allows for development and testing in the field of spent fuel assembly
conditioning. The objectives of the PKA may be summarized as follows: to condition spent fuel assemblies, to reload spent
fuel assemblies and waste packages, to condition radioactive waste, and to do maintenance work on transport and storage
casks as well as on waste packages. Currently, the buildings of the PKA are constructed and the technical facilities are
installed. The plant will be ready for service in the middle of 1999. It is the first plant of its kind in the world.

1. INTRODUCTION

In Germany the State and the utilities came to an agreement in 1985, to develop the concept of
direct final disposal of spent fuel to technical maturity. The State has in this context been assigned the
task of constructing a final repository and of executing the necessary development work.

GNS is in charge of PKA project management and has set up a project team in Hannover. The
PKA is being constructed on the Brennelementlager Gorleben (BLG) site. This company, owner and
operator of the Gorleben intermediate-storage facility, is the building owner and future operator of the
PKA. BLG is a wholly owned subsidiary company of GNS. In April 1990, BLG commissioned a
syndicate, consisting of NOELL/Rueterbau and Steag Kernenergie, with the construction and cold
commissioning of the plant.

2. OBJECTIVES OF THE PKA

The PKA has been designed as a multipurpose facility and can thus fulfil various tasks within
the framework of the conditioning and management of spent fuel assemblies and radioactive waste.
The pilot character of the plant allows for development and testing in the field of spent fuel assembly
conditioning. The throughput of the plant is limited to 35 t of heavy metal per year, because there is
only one shift.

The objectives of the PKA may be summarized as follows:
• Conditioning of spent fuel assemblies for interim and final storage;
• Reloading of spent fuel assemblies and waste packages;
• Conditioning of radioactive waste;
• Maintenance work on transport and storage casks as well as on waste packages.
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3. THE TECHNICAL CONCEPT OF THE PKA

Conditioning is taken to mean in this context, the packaging of spent fuel assemblies in casks
suitable for final disposal and for long-term intermediate storage. There are 3 different methods for
conditioning of spent fuel (Fig. 1):

a) The reference way, which is resulting in the self-shielded POLLUX cask;
b) The way of the future to the not self-shielded Fuel-Rod-Kokille 3 (BSK 3) without

cutting the fuel rods;
c) The optional way to the short not self-shielded POLLUX canister with cutting of the fuel

rods.

To begin, similar procedural steps will be followed for all methods of conditioning as follows:

a) Delivery of the spent fuel assemblies in transport casks or transport and storage casks;
b) Unloading of the casks and storage of the spent fuel assemblies in an on-site buffer store;
c) Detachment of the head and base plates and removal of the fuel rods in layers.

From this point on, different procedural steps are followed for each of the three methods.

0 Delivery of complete
fuel elements

Cutting of top fittings

Pulling of fuel rods

( • Canning ol fuel rods

Loading of fuel rod
Bins Into
POLLUX

Loading of bins into
Fuel-rod-kokille

0 Cutting of luel rods
Loading and welding
of POLLUX-canister

Welding of
POLLUX-cask Closing the lids of

the Fuel-rod-kokille

Basket lot
skeleton carts or rods

Final disposal cask

Corrosion protection
Fuel rod bin

Final disposal cask

Shielding overoack

POLLUX-cask
Diameter Approx. 150 an
lennht Approx'5,50 m
Weigh! Approx. 651

! Content 8 PWR-fuel elements.
• Surface dose rate < 0,2 mSv/ti.

Fuel-rod-kokille POLLUX-canister
.._: Appiox 43 cm Apptox. 43 cm
. . Approx 490m Approx. 134cm
_ - Approx 5.2! Approx 1t

3 PWR-Fuel elements. 0,5 PWR - Fuel elements
. . . . <10JmSv/h <10'mSv/h

FIG. 1. Conditioning methods in the PKA

3.1.ThePOLLUX-way

The POLLUX has a capacity of 8 or 10 pressurized water reactor (PWR) fuel assemblies or 24
or 30 boiling water reactor (BWR) fuel assemblies. There are four bins and one basket in each
POLLUX cask. The weight of the cask is ~ 65 t.
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The steps of this conditioning procedure are as follows:
a) Loading complete fuel rods into bins (from two PWR or six BWR fuel assemblies to one

bin);
b) Compacting the structural parts of the fuel assemblies and loading the compressed parts

into the basket;
c) Loading the bins and the basket into the POLLUX cask;
d) Closing of the POLLUX cask, i.e. screw on the primary lid, welding on the secondary lid

and screwing in the shielding lid.

As an alternative of this procedure, the basket may also be loaded, e. g., with the fuel rods from
two PWR fuel assemblies.

3.2. The way to the ,,Fuel-Rod-KOKILLE BSK 3"

The steps of this conditioning procedure are as follows:
a) Loading complete fuel rods into bins (from three PWR or nine BWR fuel assemblies to

one bin);
b) Compacting the structural parts of the fuel assemblies and loading the compressed parts

into drums;
c) Loading the two bins into the BSK 3;
d) Closing of the BSK 3, i.e., screw on the primary lid and welding on the secondary lid;
e) Loading the BSK 3 into an overpack cask (for example, into a CASTOR-type transport

and storage cask).

3.3. The way to the POLLUX canister

The steps of this conditioning procedure are as follows:
a) Cutting the fuels rods into segments of » 1 m;
b) Loading the fuel rod segments into POLLUX canisters (from 0.5 PWR fuel assembly or

1.5 BWR fuel assemblies to one canister);
c) Closing the POLLUX canister, i.e., insert the primary plug and weld on the secondary

plate;
d) Loading the canisters into an overpack cask (for example, into a CASTOR-type transport

and storage cask).

The structural part of the spent fuel assemblies are also compacted and loaded into drums or
other containers.

3.4. Conditioning for the interim storage

For a better efficiency during the interim storage period of spent fuel, the PKA is also able to
fulfil the following functions:

• to reload fuel assemblies from smaller to bigger interim storage casks; or
• after some years of cooling time consolidation of fuel assemblies for further storage in

interim storage casks.

3.5. Fuel assembly conditioning procedure

Using the procedure of packaging LWR spent fuel assemblies in POLLUX casks as an
example, the technical possibilities of the plant can be described in a clearcut manner (Fig. 2). The
transport cask is lifted into the position A2 at the cask hall, here the cask is prepared for unloading.
Then it is lowered into the trolley, taken into the cell area, and docked to the unloading cell (Bl).
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A1 Delivery/Removal
A 2 Preparation of Transport Cask

ready for Dispatch
A 3 Welding of POLLUX Cask,

Checks, screwing on of Shielding
A 4 Inside Decontamination of Transport Cask

B1 Unloading of Transport Cask
B 2 Storage of Spent Fuel Assemblies

(Buffer Store 1)
B 3 Disassembly of Spend Fuel Assemblies
B 4 Loading of Bin and Basket
B 5 Storage od Bin and Basket

(Buffer Store 2)
B 6 Loading of POLLUX and Bolting

mmm Transport Cask Spent Fuel Assemblies
• 1 Fuel Elements
• • Fuel Rods and Structural Parts
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FIG. 2. Loading ofLWR spent fuel assemblies into POLLUX casks

The spent fuel assemblies are transferred from the transport cask by the cell crane to buffer
store 1 (B2). Then, the spent fuel assembly is drawn into the disassembly cell and placed horizontally
on the disassembly table (B3). Here the fuel assembly is positioned ready for the detachment of the
head plate and the removal of the fuel rods. The fuel rods removed are pushed into the bins of the
POLLUX cask and the compressed structural parts are pushed into the basket by way of a pushing
device. To this end, the bins and the basket have been docked inside a loading caisson (B4) to a lock.
The loaded bins and the basket are transferred to the loading cell (B6) and taken to buffer store 2 (B5)
by way of the cell crane.

Simultaneously, the POLLUX cask to be loaded is transferred and docked at the loading
position B6. The filled bins and the basket are loaded by cell crane into the POLLUX cask. Then, the
first lid is screwed tight and the cask is filled with helium. The final conditioning of the POLLUX
cask is done at a workstation (A3) in the cask hall by direct handling. Here the secondary lid is
inserted and welded tight to the inner cask, and the weld is ultrasonic checked. Following the
screwing on of the shielding lid, the POLLUX package is complete. Now the POLLUX is ready for
transport to an interim or final storage.

3.6. Cask maintenance

By way of its hot cell concept the PKA provides the opportunity to do maintenance work on all
currently available transport and storage casks, both empty and loaded.

The following work may thus be done:
a) the exchange of primary lid gaskets of transport and storage casks;
b) the cleaning and maintenance of both empty and loaded casks;
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c) reworking, such as the opening and repairing of POLLUX casks or of transport and
storage casks that have been provided with a welded-on rabbeting lid.

3.7. Conditioning facilities

The main facilities, especially those to be used to condition spent fuel assemblies and
radioactive waste, are located within the cells (Fig. 3). Some of these facilities, particularly those to
be used for conditioning, have been developed especially for use in the PKA and have been tested in
cold test stands.

A Unloading Cell

B loading Cell

C Disassembly Cell

D Caisson

E Repair and

Maintenance Cell

F Waste Treatment Cel

G Waste Caisson

H Lock II

FIG. 3. Cell area in the PKA

The main facilities are:
a) In the loading and unloading cell (A and B)

the cell docking facility for the loading and unloading of various types of casks;
the lid removal equipment, to allow uncontaminated removal of the cask's primary lid;
buffer stores 1 and 2 with storage positions for 12 PWR spent fuel assemblies and 25
BWR spent fuel assemblies;

b) In the disassembly cell (C)
disassembly equipment, consisting of a disassembly table horizontally trammable,
head detachment device, drawing tools, and through vibration gear;
compacting device for compacting the structural parts of a complete spent fuel
assembly;
pushing device to allow horizontal pushing of the fuel rods into a POLLUX bin;
loading caisson (D) and equipment (turntable and dual-lid system) to allow the uncon-
taminated docking of the fuel rod bins and canisters as well as the basket for structural
parts;

c) waste treatment cell (F): equipment for cutting and compacting solid radioactive waste.
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4. THE FINAL DISPOSAL CASK POLLUX

Fig. 4 shows the basic design of the final disposal cask. The cask consists of the shielding
cask with an screwed-in lid and the inner cask with bolted primary and welded secondary lid. The
material to be stored is inserted in the final disposal cask in bins. Fig. 5 shows in detail the
constructive set-up of the final disposal cask.

The cylindrical wall and bottom of the inner cask is extruded in one piece made of fine-grained
steel 15 MnNi 6.3. The thickness of the cylindrical wall is designed according to the mechanical and
shielding requirements and is 160 mm. This inner cask with contents has a weight of ~31 t when
closed. The primary lid of the inner cask is made of the same material as the base body. It assumes the
sealing function prior to and during the welding of the secondary lid. A plate made of neutron-mode-
rating and absorbing materials (carbon/boron mixture) is attached on the underside of the primary lid.

! r ' - ; • > • • ; • ' •
- i :

L

Shielding Lid

Welded
Secondary Lid

Screwed
Primary Lid

Consolidated
Fuel Assemblies

Shielding Cask

Inner Cask

Moderator Rods

FIG. 4. Concept of the POLLUX cask

The secondary lid is designed as a welded lid and made of the same material as the base body.
The ~50-mm-thick welded connection is produced by the narrow-gap welding procedure and forms
the leak-tight and permanent barrier for transport, interim storage, and final disposal of the spent fuel.
The base body of the shielding cask is cast in one piece made of ductile cast iron (GGG 40). The wall
thickness of the base body is designed according to the requirements on the shielding and is 265 mm
on the side wall. The weight of the shielding cask is -34 t. The prototype cask for cold handling in the
PKA is fabricated and is already used for this purpose.

To simulate the transport and accident conditions, five drop tests, which cover all possible
accidents, were performed with a full-scale prototype of the final disposal cask and ,,finite element"
calculations have been carried out. The drop tests consist of:

a) Horizontal 9-m drop with shock absorbers onto the sidewall;

b) Vertical 9-m drop with shock absorbers onto the top end;

c) 9-m drop with shock absorbers onto the cask corner (lid area);
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d) 5-m drop onto a concrete foundation without shock absorber onto the sidewall;

e) 5 m-drop onto a concrete foundation without shock absorbers onto the cask bottom.

4 5
\ \

6 7

1 Shielding Cask
2 Shielding Lid
3 Inner Cask
4 Primary Lid
5 Welded Secondary Lid
6 Welding Seam
7 Damping Element
8 Moderator Plate (Graphite)
9 Moderator Rods

10 Fuel Rods
11 Trunnion
12 Basket Structure

FIG. 5. Final disposal cask POLLUX

5. THE "FUEL-ROD-KOKILLE BSK 3"

An improved new design is the so-called "Fuel-Rod-Kokille BSK 3" (Fig. 6). It is designed for
the accommodation of consolidated fuel rods. The following design properties characterize this final
disposal container:

a) The outer shape and the diameter correspond to the high-active waste (HAW) canisters
for vitrified high-level radioactive wastes from reprocessing. This makes possible a
common handling and final disposal of both waste canisters and fuel containers in bore
hole storage;

b) The capacity of the inner cavity for the BSK 3 is designed for the accommodation of fuel
rods from three PWR fuel assemblies or nine BWR fuel assemblies in two bins;

c) The resulting wall thickness of 50 mm of the Fuel-Rod-Kokille are sufficient to keep the
forces from the rock pressure under control in the final disposal according to current
knowledge. Should these requirements increase, a filling of the empty space of the
canister with a suitable material would also be possible;

d) The closure of the Fuel-Rod-Kokille after loading is in accordance with the approved
welding technique, for the POLLUX cask;

e) After loading and welding , seven BSK 3 are inserted for interim storage in a modified
CASTOR HAW 20/28 transport and storage cask originally designed for HAW glass
containers.
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Fuel Rod Bin

FIG. 6. Fuel-Rod-Kokille BSK 3

6. CONSTRUCTION OF THE PKA

The building of the PKA are completed; at present, the technical facilities are installed with a
license based on the atomic law. In the middle of 1999 the plant will be ready for hot operation. Fig. 7
shows a view into the dismantling cell and Fig. 8 the main building of the PKA.
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FIG. 7. Dismantling cell in the PKA

FIG. 8. Main building of the PKA
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