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1. INTRODUCTION

The Federal Republic of Germany is actively engaged in
the development of high-temperature gas-cooled reactors. The
15 MW6 experimental power station AVR using spherical fuel
elements became operational in 1967 and has generated up to
now more than' 820 million kWh. A 300 MW6 prototype plant will
start operation in 1980. Larger plants are scheduled for the
end of the eighties.

Closing the fuel cycle is imperative for commercial HTGR
power plants both for economical and licensing reasons. There-
fore, already in 1966 a R&D program was initiated starting
with investigations of aqueous as well as non-aqueous
reprocessing methods. In 1970, however, after completion of a
series of hot-cell experiments all activities were concentrated
on a process consisting of a burn-leach head-end and a TBP
solvent extraction operation. Since that time all efforts are
directed towards the development of the individual stages of
this process to technical maturity.



2. STATUS OF RESEARCH AND DEVELOPMENT WORK

2.1. Head-End

Prismatic and spherical fuel element designs have been
developed by American and German groups, respectively. Both
types are composed of ,.-mall BISO* and/or TRISO* coated
particles bonded into a moderating graphite matrix which makes
up about 95 wt% of the fuel element. Thus, processing starts
with burning the large quantity of carbon to expose the
fissile and fertile material for further treatment.

2.1.1. Size reduction of fuel elements

Burning of the graphite in a fluidized-bed burner
requires a size reduction of the fuel elements to a produc t
< 5 mm. This can easily be accomplished with spherical fuel
elements in commercially available hammer mills or jaw
crushers [I]. For grinding prismatic fuel elements a special
milling fraise has been developed [2]. The fraise, which is
fed from the top, consists essentially of 2 pairs of rolls,
which are equipped with 200 cutting teeth each, rotating in
opposite directions (Fig. 1). Preliminary tests showed that
about 2 % of the crushed material is > 5 mm. Should these data
be verified by further experiments, addition of a second stage,
consisting of a small roll-crusher, will be necessary to
obtain a product suitable for fluidized-bed burning.

Reliability tests including particle breakage determina-
tions and adaptation of the milling fraise to the requirements
of remote operation and maintainance are 'one next development
steps.

2.1.2. Graphite burning

The shaft furnace and the fluidized bed burner have been
tested for burning the graphite.

The shaft furnace process [3 ] was successfully demon-
strated under hot and cold conditions on a laboratory scale.
Based on the results thus obtained an engineering scale
facility with a throughput of 15 kg C/h was designed,
constructed and cold operated by NUKEM. Though there was no
doubt that the shaft furnace process could be further scaled
up, a joint committee of experts in 1973 came to the conclusion
that fluidized-bed burning offers the higher technical
potential. According to the recommendation of this committee
all further activities were concentrated on the fluidized-bed
burning process.

Burning of crushed fuel in a fluidized-bed free of an
inert heat transfer medium like AIpO, was investigated by the
Kernforschungsanlage Julich (KFA) from the very beginning of

* BISO and TRISO are acronyms which denote the type of
coating. BISO contains PyC/FyC, TRISO PyC/SiC/PyC.



HTGR fuel reprocessing work. A unique characteristic of the
KFA design is that the density difference between heavy metal
particles and graphite is used to allow the particles to
settle out and form a support which serves as a gas distribu-
tion zone for the burning bed [4]. Thus, the particles are
exposed at the end of their residence time in the burner to an
oxygen rich atmosphere and this ensures that the residual
carbon content of the burner product is less than 1 %.

The first experimental burner was a 2 inch water cooled
fluidizing tube equipped with an enlarged upper section
containing sintered metal filters for graphite dust separa-
tion. It was used for cold laboratory studies only and had an
average throughput of 4 grams carbon/min. Due to the fact that
a complete burning of the dust trapped in the upper regions
could not be achieved, the second one, a 3 inch burner with a
throughput of 15 grams carbon/min, was supplied with an
external filtering device to collect the graphite fines for
further recycling. Laboratory and hot cell runs with this
burner and supporting studies with a 12 inch engineering scale
burner proved the technical feasibility of the revised concept
and encouraged KPA to initiate the construction design of the
JUPITER head-end facility [5].

The JUPITER head-end has a throughput of only 4 grams of
carbon/cm2.h, whereas head-end facilities of industrial size
must have a throughput close to 45 grams of carbon/cm^-h. These
engineering scale up considerations are performed in a joint
program between KPA and NUKEM which has started in late 197**.
Results gained so far will be reported in chapter 3.2.

2.1.3. Particle separation

For economical reasons fissile particles containing U-235
and fertile particles containing U-233 have to be separated.

Different separation processes, i. e. mechanical,
pneumatical, electrical and chemical ones have been considered.
Only air-classifying showed acceptable results even with about
12 wt$ of broken particles in the feed. Further efforts are
directed to reduce the necessary gas volume and to optimize
the process.

2.1.4. Dissolution

Crushed SiC-coated material can only be leached batch-
wise because of the large residual amount of insoluble SiC-
hulls. (Th,U)C>2 particles, however, are well suited for a
continuous dissolution operation which offers - besides well
known advantages like ease of control, elimination of off-gas
peaks etc. - high throughput rates in vessels restricted in
geometry due to criticality limitations.

Fig. 2 shows a schematic of an upflow continuous dissol-
ver especially developed for this type of fuel [6]. It consists
of a 1.4 inch heated reaction tube with an enlarged top section
for the connections of the feeding systems. Preheated fluoride



catalyzsd nitric acid is introduced through a central pipe
reaching, almost to the bottom; the particles are screwed in
from the top at a controlled rate. Under steady state condi-
tions the dissolving reagent flows upward through a fuel
particle bed maintained at a constant height. The product
overflows through an outlet just below the enlarged head and
is continuously monitored with a purge type measuring system.
Necessary adjustments are made by altering the nitric acid or
particles feed rate.

A prototypic dissolver with a maximum throughput of
0.35 kg/h has been successfully cold tested in the laboratory
for over ^OO hours. Hot plant operation will be performed in
JUPITER.

2.2. Solvent-Extraction

THOREX-flowsheets will be used for the separation of
thorium, uranium and the fission products and PUREX-flowsheets
for processing the uranium in the fissile particles.

Reprocessing of AVR fuel, irradiated up to 55,000 MWd/t,
with the original THOREX-flowsheet [7 ] resulted in difficulties
with hydrolized fission product species formed during feed-
adjustment [8]. To overcome these problems a THOREX two stage
process was developed, consisting of a codecontamination cycle
with acid feed and a partitioning cycle with acid deficient
feed. Hot cell runs with this process, which was later on
chosen as reference process for the JUPITER pilot plant, proved
its applicability to high burnup fuel and resulted in gross
decontamination factors of 305 to 106 [9]-

2.3. Ref abri c. at ion

Refabrication of bred U-233 can only be performed behind
concrete shielding because of the U-232 content, resulting from
n,2n reactions during Th-232 irradiation. Up to now, all
efforts were concentrated on the kernel fabrication and the
coating step; remote assembling techniques will be developed
after the fuel element concept has been definitly decided.

The U (uranium)-process [10, 11] can produce either
porous or dense kernels of any composition from U02 to UC2,
including UCxOy and UC2 kernels, and provides a very promising
alternative to the weak-acid resin process developed at ORNL.
In the U-process kernels are formed by dropping an uranyl
nitrate solution containing additives into an aqueous ammonia
solution. The gel droplets are washed with an aqueous ammonia
solution and heat treated to obtain a sintered kernel.

Mixed oxide kernels, (Th,U)02, are further on candidates
for use in spherical fuel elements. Suitable feed solutions
for kernel production are prepared by adding ammonia to the
nitrate solutions producing a stable thorium-uranium sol. Gela-
tion of the sol droplets is achieved by ammonia addition [12,
13].



Both kernel production processes have been demonstrated
in continuously working cold pilot plants; so a very high
potential fir remote operation can be supposed.

For the remote coating technique the efforts are
concentrated to ease maintenance and repair and improve
reliability of coating furnaces. Improved gas distribution
devices with high availability have already been successfully
tested.

3. STATUS OP PLANT WORK

3.1. JUPITER

To demonstrate HTGR fuel reprocessing, KFA is
constructing a small pilot plant, called JUPITER (JUelich
P_Ilot Plant for Thorium Element Reprocessing). Design of the
plant, which will have a throughput of 2 kg heavy metals per
day, was started in 1970 [I1I]. Operation with spent AVR fuel
elements having a maximum burnup of 100,000 MWd/t is scheduled
for 1980.

At the end of 1976 the planning and construction work
for the plant has reached different stages with regard to the
individual process units and can be described as follows.

Fuel entrance cell (Fig. 3): Installation of equipment
is complete; acceptance of the cell by the Technical Control
Board (TuV) is pending.

Head-end cell (Fig. 4): Assembly work on this cell has
been completed too. Operational testing of individual
components like hammer-mill, fluidized-bed burner, dust
recycling system etc. is underway; cold start-up operation >Tith
3000 unirradiated spherical fuel elements is scheduled for 1977-

Chemical processing cell: The chemical processing
cell is the most extensive and complex part of the plant. Here,
in addition to the actual process apparatus such as dissolver,
mixer-settlers and evaporators, 150 slab and circular tanks,
approx. 150 steam jets, gas jets and pumps, approx. 1600 valves
and more than 10 km piping have to be placed in a conparatively
small hot cell volume (8 x 3 x 3,5 m). The order for construc-
tion and assembly of this cell was placed in September 197^.
The scheduled date of completion is February 1979.

3.2. VENUS

Operation of a 1 : 1 scale unshielded head-end facility
is another milestone in the long range R&D program.

Preliminary design of such a plant, accompanied by cold
component tests, has been started in 1975 within a joint
program of KFA and NUKEM and shall be finished in 1978. The
mock up installation with a design throughput of 100 kg C/h
will consist of the following main process units:

Fuel element size reduction system
Gas cooled primary burner



Feed/breed particle separator
Feed particle crusher
Secondary burner.

Auxiliary systems will provide for off-gas cleaning,
graphite dust recycling and nitrogen recooling.

3-3. ARTHUR

The objective of the ARTHUR study was to investigate the
feasibility of adapting the LWR reprocessing demonstration
plant in Karlsruhe, WAK, to the conditions of HTGR fuel re-
processing.

Essentially the work, which was based on an assumed plant
capacity of ~ 5000 MW6 HTGR fuel,-comprised the following tasks

Evaluation of plant site characteristics
Conceptual design of spent fuel storage and head-end
installations
Basic process engineering for solvent extraction operation
Identifying of problems arising in fitting the THOREX-
process equipment into the existing hot cells
Safety considerations such as criticality, shielding,
failure-consequences.

The results of the study may be summarized as follows:

No problems are expected from the plant site and the
existing building structures. The available hot cell volume is
sufficient for implantation of the THOREX-process equipment.

From a safety viewpoint acceptance of the site and the
building structures are likely applying the criterias for
current plant operation.

Owing to the increased radionuclide inventory additional
shielding will be required for some of the cells.

The PUREX-process equipment can not be used; it has to be
decontaminated and dismantled.

In conclusion, remodeling of the existing WAK plant is a
feasible but not an optimum solution.

OUTLOOK

In order to support the market introduction of HTGR's, the fuel
recycle program of the FRG must be directed towards solving the
problems associated with construction and operation of a
commercial-size fuel recycle facility. Because cf the substan-
tial technical and financial requirements to achieve this task,
a close cooperation in this area is planned with USA and
France.
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Pig. 1: Milling Fraise Pig. 2: Continuous Dissolver

1 : Reaction Tube
2: Particles Screw
3: Preheated THOREX
4: Dip Tube System

Fig. 3: Fuel Entrance Cell
JUPITER

Fig. 4: Head-End Cell
JUPITER


