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Abstract

As part of the United Kingdom's FAST REACTOR DEVELOPMENT programme two
reactors were built and operated at Dounreay in the North of Scotland. DFR (Dounreay Fast
Reactor) was operated from 1959-1977 and PFR (Prototype Fast Reactor) was operated from
1974-1994. Both reactors are currently undergoing Stage 1 Decommissioning and are
installing plant to dispose of the bulk coolant (DFR ~ 60 tonne; PFR ~ 1500 tonne).

The coolant (NaK) remaining at DFR is mainly in the primary circuit which contains in excess
of 500 TBq of Csl37. Disposal of 40 tonnes of secondary coolant has already been carried
out. The paper will describe the processes used to dispose of this secondary circuit coolant
and how it is intended the remaining primary circuit coolant will be handled. The programme
to process the primary coolant will also be described which involves the conversion of the
liquid metal to caustic and its decontamination.

No PFR coolant Na has been disposed off to date. The paper will describe the current
decommissioning programme activities relating to liquid metal disposal and treatment
describing the materials to be disposed of and the issue of decontamination of the effluents.

INTRODUCTION

The work associated with United Kingdom
Fast Reactor Development programme was
concentrated on the Dounreay site on the
north coast of Scotland when in 1954 it
was announced that an experimental Fast
Breeder Reactor was to be built. The
Dounreay Fast Reactor (DFR) operated
from 1959 until 1977.

In 1966 UK government approval was
obtained for the construction of the
Prototype Fast Reactor (PFR) at
Dounreay. The PFR operated from 1974
until 1994.

Both reactors are currently undergoing
Stage 1 Decommissioning. The work is
managed by UKAEA on behalf of the
sponsor, the UK Department of Trade and
Industry.

DOUNREAY FAST REACTOR

The coolant in both the primary and
secondary circuits was initially 70%

sodium, 30% potassium (NaK) alloy.

During the plants operation two of the
secondary circuits were changed over to
sodium. DFR also had thermal syphon heat
rejection systems filled with eutectic alloy
(22/78 NaK).

Shortly after the reactor was shut down the
coolant inventory except for the primary
circuit and thermal syphons was transferred
into the dump tank system in preparation for
disposal. The inventory of 167 tonnes of
liquid metal was distributed as follows:

Batch Quantity Activity
Tonnes

1 Primary Circuit 57 >500 Tbq
2 Thermal Syphons 10 150 Gbq
3 Dump System 100 7 Tbq

The main active component in all batches
was the isotope Cs137. This was significant
in the primary level due to the vented fuel
design.
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Disposal of Bulk NaK

Early planning for NaK disposal was
influenced by the American experience on
EBR1 at Idaho. Design of a plant to
convert the NaK to a solid by hydroxide
product was initiated while in parallel
arrangements were made to use the DFR
Decontamination Plant to gain experience
in the use of nozzles, in preparation for
their eventual use in the NaKOH plant, by
carrying out disposal by Spray Burning.

The NaK was forced, under nitrogen
pressure, through an inner aperture in the
nozzle assembly, while an additional stream
of nitrogen, supplied under a cap around
the aperture, acted as atomising agent. As
a disposal method, the process proved to
be far superior to pool burning in trays
which had been earlier practice. The chief
advantage was its controllability in that,
when necessary, burning could be stopped
almost immediately and the discharge line
could be simultaneously blown clear of
NaK by the operation of a single valve.
The main oxide product,
containing an absolute minimum of
unreacted metal, accumulated in trays
under the nozzles and, in a separate
operation, was finally relatively benignly
converted to hydroxide by water washing
before final disposal as liquid effluent.

A total of 60 tonnes of NaK was disposed
of by spray burning in a series of
operations starting in August 1978 and
continuing intermittently until December
1979.

Direct Conversion to NaKOH

The DFR plant was designed to produce a
liquid effluent and to be capable of
handling the primary NaK charge after
minimum modification other than the
addition of shielding.

When the plant was ready for
commissioning in January 1980, the 50
tonnes of NaK still remaining in the dump
tanks was processed to NaKOH in a series
of 14 operations, the last of which was
completed in June 1981.

The original design of the NaK Disposal
Plant had envisaged a completely
continuous process with a steady addition of
water to the reaction vessel while a reaction
was proceeding. In practice this was found
to be unnecessary since the rate of increase
of solution density was very low because of
the relatively large starter solution volume
compared with the achievable NaK input
rates. Batch wise dilution at convenient
stopping points simplified operation
considerably.

During the early stages, as experience was
gained, the NaK pipework between batch
tank and reaction vessel was modified to
make the combined operation of reaction
shutdown and the NaK clearing of pipes
simpler and more prompt. Nozzle life was
extended from an initial low figure by a
change from stainless steel to pure nickel
nozzles.

Nozzle blockages, by the formation of
strong caustic deposits, were also a frequent
and troublesome problem initially, especially
during the early and relatively lower
temperature stages of runs. The connection
of a steam supply to the atomising gas side
of the nozzles however, made their prompt
clearance a relatively easy matter. In later
runs, the steam supply was kept "cracked"
open continuously to keep the nitrogen
slightly wetted - to good effect.

Preparations for Primary NaK Disposal

On completion of the above "low active
NaK" disposal campaign, modifications

were put in hand to adapt the plant for the exchange plant, Bypass vessel removal
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processing of primary NaK. The first
essentials were the addition of shielding
over the vault annexe in which the plant
was housed and the provision of a shielded
NaK line from the primary circuit drain
connections.

On the gaseous effluent side of the plant,
the scrubber chiller unit was replaced by a
more powerful unit capable of holding the
inlet water to 6°C and a polypropylene
mesh prefilter was installed upstream of the
final absolute filter.

Primary NaK Disposal - Pilot Operation

By November 1983 modifications to the
plant were complete and two 50 Kg
batches of primary NaK were processed in
early December.

Summary of NaK Disposal

Method

Spray Burn
NaKOH Plant
Pilot Operation

Amount
Processed
(te)

60
50
0.1

Following completion of the pilot
operation, further NaK disposal was
postponed pending the development and
design/installation of additional equipment
for disposing of the NaK caesium burden,
provision of local neutralising facilities for
the caustic liquors and the removal of
paniculate before transfer of liquor to the
site effluent discharge system.

Present Status and Future

No further NaK has been disposed off
since 1983. In the period up to 1990
further decommissioning activities were
given low priority. Since 1990 work has
been concentrated on designing and
installing additional equipment eg an Ion
- Hydrogen off-gas diluted with

nitrogen discharge via the existing
PFR stack

equipment and the overhaul and setting to
work of the original NaK disposal plant.

The present programme has the disposal of
the 57 tonnes of primary circuit NaK
completed by the autumn of year 2000.

PROTOTYPE FAST REACTOR

When considering the Stage 1
decommissioning programme a number of
options were considered for the
management of the liquid metal from the
coolant circuits, namely:

- long term storage
- sale/payment to private sector for

removal
- treatment and subsequent disposal as

waste
- re-use in other projects

It was decided that the only viable option
was the treatment and subsequent disposal
as waste. As a result the market place was
asked to bid for a work package to design,
construct, install, commission, operate and
decommissioning of a dedicated liquid metal
disposal plant and provision of a supply
system to extract and deliver bulk liquid
metal from various locations in the plant.

In September 1995 a £17M contract was
placed with the British firm NNC who were
being supported by AEA Technology and
Framatome. At the time this was the largest
decommissioning contract to be awarded in
the United Kingdom.

The features of the PFR Liquid Metal
Disposal Plant are:

- Proven technology based on controlled
reaction of liquid metal with aqueous
hydroxide (the Framatome NOAH
process).

- Process rate to average 2.5 Te/day

ACTIVITY MANAGEMENT

Unlike DFR the PFR fuel was not a vented
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Installation of the disposal plant started in
January 1997. The plant building structure
is in an advance state of completion and
installation of process equipment is
progressing well.

Inactive commissioning is scheduled to
commence in September 1998. This will
be followed by a period of active
commissioning. The operation phase is
programmed to start in August 1999 and
be completed by March 2001.

The inventory of liquid metal to be handled
is tabulated below.

Primary Sodium 915 Te
Secondary Sodium 245 Te
Tank Farm Sodium 195 Te
Irradiated Fuel Cave Sodium 70 Te
Decay Heat Systems NaK 16 Te
Other FR Development Sodium 115 Te

TOTAL 1456
Te

To maximise the removal of bulk sodium
from the primary circuit a number of
specialist machines are required to be
designed and developed. These are:

- A drilling machine to provide a
drainage route through the reactor
internals support strongback

- A punching machine to provide a
drainage route in the pipework which
connects the primary pumps with the
inlet to the reactor core structure.

- A pumped liquid metal heating system
and electrical back-up heater which
intrudes into the reactor.

- The loading ofafluidic pump into the
reactor through very small space
envelopes in order to remove the active
sodium.

design. Nevertheless during the operation
phase the reactor was operated with failed
fuel to gain information about the way fuel
failures progress. This development work
resulted in fission products being deposited
in the primary circuit and associated systems
eg gas blanket and cold trapping equipment.

After shutdown a programme of sampling of
the primary circuit sodium was undertaken
to establish the level of activity. This work
has shown that there is 2 - 3 Tbq of Cs137 in
the primary bulk coolant.

Although on Dose Detriment cost analysis
grounds the fitting of a caesium removal
plant is not justified, the decision has been
taken to provide such a plant, as not doing
so would put the project at risk of being
delayed when the UK Environmental
Regulators consider the case for operation
of the plant.

Residues Treatment

The decommissioning programme for both
PFR and DFR has a significant period (50
plus years) of care and maintenance
following the completion of Stage 1.

To achieve as far as practical, a passive
safety state for the liquid metal coolant
circuits particularly the primary circuits, it
has been deemed prudent to aim for a
"liquid metal free" plant. To achieve this
the residues left after bulk drainage require
to be removed so that the circuits can be
"blanketed" with an air atmosphere instead
of an inert gas (Nitrogen!).

Further development of the Water Vapour
Nitrogen (WVN) process used successfully
to clean PFR reactor core components has
been undertaken with a programme of

laboratory experiments. Successful
completion of the laboratory work has led

the reactor circuits, and to establish the.
boundary limits for control of the process
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to a programme of pilot scale trails. The
aim of these trials is to establish the The work to date has been extremely
efficiency of the process in varying successfiil and gives added confidence that
configuration, which are representative of the WVN process will be available when

required early in the next century.
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