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Abstract

In a competitive bidding exercise, AEA Technology at Dounreay won a contract to
dispose of 88 tonnes of fast reactor sodium from the KNKII reactor at Karlsruhe, Germany.
This sodium comprises of 36 tonnes of "primary" sodium containing traces of caesium-137
and sodium-22 and 52 tonnes of lightly tritiated "secondary" sodium. The sodium has been
transported solid to Dounreay in 200 litre drums. To fulfil this contract a sodium disposal
plant has been designed, constructed, commissioned and put into operation. Following an
option study, an aqueous reaction plant design was selected. In this process, sodium is reacted
with aqueous caustic soda, producing hydrogen gas and more caustic soda. The hydrogen is
diluted with air and vented to atmosphere, and the caustic is neutralised with hydrochloric
acid before discharge to the site low-active drain. All effluents - gaseous or liquid - are
filtered and treated to remove as much radioactivity as possible before discharge. The main
reasons for choosing this design option were that the process was well proven, the reaction is
easily controlled by controlling the supply of sodium into the reaction vessel, reaction
temperatures are relatively low and the effluent can be easily prepared for discharge. It was
also felt that an aqueous reaction plant could be designed to be operated remotely by one
operator. The sodium in the drums is melted in a sodium melting station and then drained to a
sodium buffer tank, prior to being injected into the reaction vessel. By collecting sodium in
the buffer tank, sodium melting can proceed in parallel with sodium disposal allowing a high
throughput to be achieved. This plant has been designed to dispose of 100 kg of sodium per
hour, requiring a small operating team, suitably shielded from the radiological hazard. The
design also ensures that the rate of reaction is controlled and that the effluent discharged to the
low-active drain has been properly neutralised. The construction was performed within budget
and in the agreed timescale. During inactive commissioning, problems were experienced with
the sodium injection nozzle. This resulted in development of an improved nozzle of novel
design which has been patented by AEA Technology. This modification enabled the plant to
achieve its target throughput of 100 kg per hour and the plant has been put into service to
dispose of sodium.
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1. INTRODUCTION

As a result of a competitive tendering exercise, AEA Technology at Dounreay won a
contract to dispose of sodium from the KNDKU reactor. To fulfil this contract a sodium
disposal plant has been designed, constructed, commissioned and put into operation to dispose
of the 88 tonnes of sodium from this reactor. This sodium comprises of 36 tonnes of
"primary" sodium containing traces of caesium-137 and sodium-22 and 52 tonnes of lightly
tritiated "secondary" sodium. The sodium has been transported solid to Dounreay in 200 litre
drums.

Whilst working in support of the UK's fast reactor programme, AEA Technology has
amassed considerable experience - over nearly 40 years - on the removal of sodium from
components and on the disposal of sodium. This experience was used to identify the potential
disposal techniques and select the best option, taking safety, reliability, operability and
economics into account. As a result of this exercise, an aqueous reaction plant design was
selected. In this process, sodium is reacted with aqueous caustic soda, producing hydrogen
gas and more caustic soda. The hydrogen is diluted with air and vented to atmosphere, and
the caustic is neutralised with hydrochloric acid before discharge to the site low-active drain.
Previous sodium disposal operations had used nitric acid to neutralise caustic effluent, but
hydrochloric acid was chosen for the new plant on environmental grounds, since tighter
controls are now being placed on the disposal of nitrates to sea. All effluents - gaseous or
liquid - are filtered and treated to remove as much radioactivity as possible before discharge.
The main reasons for choosing the aqueous reaction process were that the process was well
proven, the reaction is easily controlled by controlling the supply of sodium into the reaction
vessel, reaction temperatures are relatively low and the effluent can be easily prepared for
discharge. It was also felt that an aqueous reaction plant could be designed to be operated
remotely by one operator, thereby minimising operating costs.

Options for transferring the sodium from the drums to the disposal plant were
examined and it was decided to melt the sodium in the drums in a sodium melting station and
then transfer it to a buffer tank, prior to being injected into the reaction vessel. By collecting
sodium in a buffer tank, sodium melting can proceed in parallel with sodium disposal
allowing a high throughput to be achieved.

This plant has been designed to dispose of 100 kg of sodium per hour, requiring a
small operating team, suitably shielded from the radiological hazard. The design also ensures
that the rate of reaction is controlled and that the effluent discharged to the low-active drain
has been properly neutralised.

In this paper the reasons behind the design decisions are presented and the design of
the plant is described. The commissioning of the plant is explained and the re-design of the
sodium injection nozzle to achieve the target throughput is described.

This project was launched in August 1994 with the plant being handed over for
operation in September 1996, following successful commissioning.

2. PAST EXPERIENCE

AEA Technology have gained experience in handling sodium over a period of
approximately 40 years during which they have operated sodium and sodium-water reaction
test facilities in support of the UK's Fast Reactor Programme.
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Sodium wetted components have been routinely removed from facilities and cleaned
and quantities of sodium and sodium-water reaction products have been safely disposed of.
The main principles are control of the rate of reaction, care to exclude the possibility of
hydrogen explosions and suitable treatment and disposal of the non-gaseous reaction products.

hi most cases, the sodium has been inactive or has contained very small quantities of
tritium and hence could be regarded as inactive. In this paper, the past UK experience on the
removal and disposal of inactive sodium will be described. Past UK experience on the
removal and disposal of radioactive sodium is described in a paper by UKAEA at this meeting

[1].

The main technique for removing sodium from components has been steam cleaning
in air. Any NaOH produced is collected and neutralised with acid prior to controlled
discharge to an approved effluent route. The rate of reaction when steam is used is relatively
slow and the hydrogen evolved is considerably diluted in air, preventing the accumulation of
an explosive mixture. Nitric acid has been used to neutralise the NaOH, with the resulting
liquor being stored in a holding tank in which its pH is measured prior to discharge to sea •
through the site effluent system.

Sometimes it is important to preserve the surface characteristics of a component such
as pressure tubes which have been used in sodium-water reaction experiments, hi these cases,
a much slower rate of reaction has been required, so alcohol has been used, typically applied
slowly to localised areas. The NaOH produced was then handled in the same way as for steam
cleaning. In some instances, small specimens have been immersed in an alcohol bath in order
to remove sodium.

It should be noted that in the case of components from sodium-water reaction
experiments, NaOH, Na20 and NaH have also been present. These compounds have been
removed by steam or alcohol cleaning.

Sodium residues and sodium-water reaction residues have also been removed from
the inside of vessels by steam cleaning, with care being taken to ensure that the hydrogen
evolved is suitably diluted and safely released. The aqueous caustic remaining in the vessel
after cleaning has been washed into a holding tank where it is neutralised and then discharged.
This effluent treatment process is similar to that used to treat liquor from steam cleaning of
components. Some small vessels have been decommissioned in this way. The above method
has been used to clean the vessels sufficiently to allow them to be cut open. Once the vessel is
opened, the inside surfaces are steam cleaned in the same way as previously described.

In some of these vessels, the sodium has contained significant quantities of reaction
products and has been of high melting point - 500 to 600°C - referred to as "dirty sodium".
Prior to cleaning the inside of the vessel, the first operation is to remove as much of the bulk
sodium as possible. The operation of sodium-water reaction test facilities at Dounreay has
provided much experience of the problems posed by high melting point "dirty sodium" when
attempting to transfer it from one vessel to another.

Vacuum distillation has been used to remove sodium from components. The
attraction in this method is that the sodium is removed without any reaction occurring.
Therefore, there is no potential for causing damage to the component by high reaction
temperatures or by corrosive reaction products. However, pressure and temperature need to
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be carefully controlled to ensure effective sodium removal and in most cases steam cleaning
in air is preferred since it is more cost effective. This technique would not be suitable for
removing sodium-water reaction products from components.

Over the years, significant quantities of sodium have been disposed of by AEA
Technology at Dounreay. The main technique for disposal of inactive sodium has been
incineration. Batches of sodium has been placed into trays which have then been burned in a
specially designed fire booth. This booth is ventilated through a water scrubber to trap the
sodium and sodium oxide aerosol, converting them to NaOH, with the hydrogen being vented
to atmosphere through a stack. The caustic liquor was held in a tank and neutralised by nitric
acid before controlled discharge to the site effluent system. This facility operated for more
than 30 years, successfully disposing of many tonnes of inactive sodium. Some of this sodium
has contained significant quantities of sodium-water reaction products and has been of a high
melting point - 500 to 600°C.

AEA Technology therefore had considerable experience, in addition to access to
relevant information from other organisations, to draw on when designing a plant to dispose
of the radioactive sodium from KNKII.

3. DESIGN OPTIONS

It was recognised that not all of the sodium to be destroyed by the plant would be as
high quality as that from KNKII. Therefore, in order to maintain the capability of disposing of
sodium from a wide range of sources, it was decided to review disposal options for sodium
containing considerable quantities of sodium-water reaction products.

The main constraints set for the design were:

(a) It must provide reasonable containment and radiological shielding for the operators;
(b) The effluent from the process must be aqueous and suitable for discharge to the low-

active drain;
(c) The effluent has to be filtered to remove as much caesium etc. as possible before

discharge;
(d) The target throughput is 100 kg per hour;
(e) Manning levels must be kept small.

Options for the disposal process, the sodium transfer method and the location of the
plant were considered. In this paper the arguments relating to the specific location of the plant
on the site are not presented since they are specific to the Dounreay site and are not of general
interest.



IAEA/IWGFR Technical Coordination Meeting on Sodium Removal and Disposal, Aix-en-Provence, 3-7 November 1997

3.1 Sodium disposal process options

An initial list of 21 options was drawn up, but after further investigation, only 6 were
identified as being potentially suitable for bulk disposal of sodium:

(a) Reaction with caustic
(b) Burning in air (Spray Fire)
(c) Burning in air (Pool Fire)
(d) Reaction with steam
(e) Reaction with CO2
(f) Reaction with water in oil.

These 6 options were then evaluated against the following criteria:

(a) Development status - how well proven is the process for bulk sodium disposal?
(b) Throughput - what would be the best disposal rate which could be reliably

achieved?
(c) Ease of control - is the process stable and could it be quickly shut down in an

emergency?
(d) Effluent suitability - how easy would it be to condition the effluent for sea disposal

via the low-active drain?
(e) Hazards of other reactants - what are the hazards (and thus handling difficulties)

associated with any other reactants?
(f) Sodium handling arrangements - is the sodium well contained throughout the

process?
(g) Manning requirements - how many Operators would be required and how intensive

would that involvement be?

These evaluations are summarised in Table 1 below:
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Table 1: Sodium Disposal Process Options

Reaction with
concentrated NaOH
solution

Burning in air (Spray
fire)

Development
Status

Well proven
technique.
Minimal
contamination
of reaction
vessel.
Not suitable
for dirty Net.

Well proven
technique but
may need some
development
(e.g. addition
of shielding)
for use with
active Na.
Not suitable
for dirty Na.

Throughput
Has been
demonstrated
up to ~ 40 kg
/hr.
Development
to achieve
lOOkg/hr
likely to be
minimal.

Has been
demonstrated
up to 100
kg/hr.

Ease of
Control

Controlled
by
regulating
Na supply.
Low
inventory
of reactants
& low
temp,
pressure
process.
Controlled
by
regulating
sodium
supply.
Very low
inventory
of reactants
in reaction
vessel.

Effluent
Suitability

Aqueous
solution of
NaOH.
Liberates
hydrogen.

Airborne oxide
particles which
need to be
scrubbed out to
give NaOH
solution.
Reaction
vessel residues
would need
periodic
washing.

Hazards of
other reactants
Concentrated
hydrochloric
acid, highly
corrosive, tends
to fume.

Concentrated
hydrochloric
acid, highly
corrosive, tends
to fume.

Containment
Sodium well
contained in
system.

Sodium well
contained in
system.
Scrubber
efficiency very
important in
reducing aerial
discharge.

Manning
Required

Could be
controlled
remotely by
one Operator.
Likely to be
minimal
maintenance.

May need
two
Operators.
Some
operator
involvement
in periodic
nozzle
replacement
& cleaning.
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Table 1 (continued): Sodium Disposal Process Options

Burning in air (Pool
fire)

Reaction with steam

Development
Status

Very well
proven.
Would need
development
(e.g. addition
of shielding)
for use with
active Na.
Also suitable
for dirty Na.

Not proven for
volume
destruction.
Would need
development
(e.g. addition
of shielding)
for use with
active Na.
Not suitable
for dirty Na.

Throughput
Has been
demonstrated
up to 100
kg/hr.

Has been
demonstrated
up to 100
kg/hr but
likely to
suffer serious
nozzle
erosion.

Ease of
Control

Reaction
rate
depends on
surface
area.
Would
need an
inert gas
purge for
rapid
shutdown.
Controlled
by
regulating
sodium
supply.
Very low
inventory
ofreactants
in reaction
vessel.

Effluent
Suitability

Airborne oxide
particles which
need to be
scrubbed out to
give NaOH
solution.
Solid residues
in tray.

Airborne oxide
particles which
need to be
scrubbed out to
give NaOH
solution.
Reaction
vessel residues
would need
periodic
washing.
Liberates H2.

Hazards of
other reactants
Concentrated
hydrochloric
acid, highly
corrosive, tends
to fume.

Concentrated
hydrochloric
acid, highly
corrosive, tends
to fume.

Containment
Sodium poorly
contained in
system.

Sodium well
contained in
system.
Scrubber
efficiency very
important in
reducing aerial
discharge.

Manning
Required

Would need
2 Operators.
Work is
"hands-on"
in nature.
Trays of
residues
would need
to be steamed
& washed.

Would need
two
Operators.
Likely to
need regular
nozzle
replacement
& cleaning.
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Table 1 (continued): Sodium Disposal Process Options

Reaction with CO2

Reaction with water
in oil.

Development
Status

Well
established
process but
likely to be
complex plant.
Requires very
high operating
temperatures.
Maybe
suitable for
dirty Na.
Not proven for
volume
destruction of
sodium. May
be useful for
active Na.
Not suitable
for dirty Na.

Throughput
Potentially
100 kg/hr.

Uncertain.

Ease of
Control

Controlled
by
regulating
supply of
sodium.

Likely to be
slow
emergency
shutdown
due to low
reaction
rate.

Effluent
Suitability

Solid reaction
product
containing C &
Na2CO3.
Needs
dissolution &
separation.

Likely to need
complex
separation to
remove oil
which would
tend to poison
caesium
removal ion
exchange
resin.
Liberates H2.

Hazards of
other reactants
Large scale
storage of
carbon dioxide.
Concentrated
hydrochloric
acid, highly
corrosive, tends
to fume.

Concentrated
HC1 acid, highly
corrosive, tends
to fume.

Containment
Sodium well
contained in
system.

Sodium well
contained in
system.

Manning
Required

Would need
2 Operators.
Likely to be
significant
operator
involvement
in effluent
dissolution,
nozzle
replacement
& cleaning.
Would
probably
need two
Operators.
Likely to be
significant
operator
involvement
in effluent
treatment
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Following further detailed examination of the options, reaction with concentrated

NaOH was selected for the disposal of the KNKH sodium. In the event of a requirement to
dispose of sodium containing significant quantities of sodium-water reaction products,
incineration, as used in the past by AEA Technology, would be the preferred option. To
enable the new plant to dispose of such sodium, an incineration booth has been included in the
design. This booth uses the same water scrubber and neutralising system as the aqueous
disposal plant. The plant is therefore capable of dealing with all possibilities.

3.2 Sodium transfer methods options

In general, sodium held in tanks can be transferred by gas pressure after melting.
Even dirty sodium can be transferred in this way, provided the temperature is high enough.
Design options therefore focussed on methods for transferring sodium from 200 litre drums,
which was the expected form in which sodium would be delivered from KNKII. It was also
noted that there was other sodium from the sodium-water reaction facilities at Dounreay
which was also stored in such drums.

Note that the transfer method under consideration was only to be applicable to
sodium which will melt and flow fairly easily. Other sodium will be accessed using a
standard technique of cutting away the drum. The only realistic disposal method for such
dirty sodium is burning in trays within a fire booth, i.e. The "Burning in air (Pool Fire)"
option from section 3.1.

There were three aspects to the transfer, namely:

(a) Heating method
(b) Transfer method
(c) Receipt method

3.2.1 Heating method options

A list of 5 possible sodium drum heating methods were identified and investigated:

(a) Muff heating (conductive)

(b) Muff heating (inductive)
(c) Microwave heating
(d) Water bath
(e) Steam bath.

Inductive heating was chosen because it was simple and capable of achieving rapid
heating rates.

3.2.2 Transfer method options

In the case of dirty sodium, the preferred option is to cut away the drum and dispose
of the sodium in a pool fire. Since this transfer method requires considerable manual handling
it would only be suitable for inactive sodium.

10
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The preferred option for the KNKII sodium is to use gas pressure to transfer it from
the drum once it has melted. This offers more flexibility than relying on drainage under
gravity.

3.2.3 Sodium receipt options

Three options were identified:

(a) Collection in a tray - really only suitable as an input to a pool fire

(b) Transfer into holding tank - this enables a continuous sodium disposal process to be
operated

(c) Transfer direct to the process - this would limit disposal to being a batch process
based on 200 litre batches.

To allow sodium melting to proceed independently of the disposal process and
therefore achieve a higher disposal throughput, transfer to a holding tank was selected as the
preferred option.

4. THE SODIUM DISPOSAL PLANT DESIGN

The AEA Technology Sodium Disposal Plant at Dounreay is shown in Figure 1, with
a more detailed view of the Reaction Vessel shown in Figure 2. The plant comprises of the
following major plant items and systems:

(a) an induction heated three zone drum melter contained in a shielded housing;
(b) stainless steel Buffer and Feed Tanks of capacity lm3 for handling molten Na, which

is maintained at about 150°C;
(c) a mild steel reaction vessel of 0.8mJ working capacity for reacting the Na with 10 M

NaOH. Heat is removed by circulating through a heat exchanger;
(d) the above vessels are contained in a cell of concrete block construction providing

both shielding and containment. The cell base contains Karlsruhe trays under the
sodium vessels and heater to minimise effects of Na fires following possible leaks;

(e) a gas scrubber capable of dealing with 3600m3 off gas per hour. This is a two stage
venturi type which also generates the suction required to move the off gas. It is of
reinforced plastic construction;

(f) (two neutralising tanks, each of capacity 3m3, also made of reinforced plastic. A new
plastic drain to the existing low active drain system has been fitted;

(g) HC1 handling and storage plants - approximately 40m3 capacity;
(h) a PLC based plant control system, which monitors plant parameters and respond as

required. Designated safety systems are hard wired.

5. PROCESS DESCRIPTION

The sodium is received in transit drums of 200 litres nominal capacity. The sodium is
melted in the drums and transferred by gas pressure into a buffer tank from which, in turn, it is
transferred by gas pressure into the injection tank. There is a coarse filter in the line between the
drum and the buffer tank.

11
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The sodium is discharged from the injection tank by gas pressure and passes via a
control valve to a nozzle using pressurised N2 as a driving gas. The sodium is jetted onto the
surface of the 10 M NaOH in the Reaction Vessel. The NaOH is rapidly circulated to ensure
efficient dispersion of the sodium and a rapid reaction.

The process works on a continuous basis with a feed of » 0.5m3/hr of scrubber liquor
being fed forward. (This is controlled by the specific gravity of the reaction vessel liquor.) The
resulting NaOH overflows into the neutralising plant. Hydrogen is produced by the reaction at
the rate of about 50m3/hr. A very small positive pressure is maintained on the reaction vessel
and the hydrogen, plus some N2 used as a purge gas, is extracted and diluted with air which is
flowing at» lmVsec in the ventilation system. This ensures a very rapid dilution of the H2 to
less than 1.4% which is non flammable.

The combined reaction vessel/steam clean gaseous effluent is fed into a 2 stage venturi
scrubber with a 0.5m7hr fresh water feed. The scrubber has a high capacity circulation pump
which assists in scrubbing and also creates the necessary depression in the system. On leaving
the scrubber the off gases are passed via a de-mister to a discharge stack which is fitted with a
gas sampling system to measure the amount of tritium being discharged.

The reaction of molten sodium with 10 M NaOH is very exothermic, with heat output
rate of 170 kW. This heat is removed by a cooler on the NaOH recirculating line. The
temperature of the NaOH in the reaction vessel is maintained below 90°C.

The NaOH is neutralised by a two stage process. The first stage uses 36% hydrochloric
acid which is fed on demand, with the aim of reducing the alkalinity to pH 11-12. For a
throughput of 100 Kg of Na per hour, the heat output of the neutralisation reaction is 55 kW.
This is removed by circulating the neutralising tank contents through a heat exchanger. There is
pH measurement on the recirculating liquor. The nearly neutral effluent is sent to the second
neutralising tank where dilute hydrochloric acid is used for the final pH adjustment. Before
discharge the neutralised effluent is passed through a filter. An Ion Exchange column is fitted;
this is a contract requirement to remove Caesium isotopes. This is only be required for the
primary sodium.

Hydrochloric acid at 36% is received by road tanker. The storage and handling facility
is conventional. The tank ventilation system is fitted with a dedicated water scrubber to keep
gaseous discharges ALARP during tank filling.

6. INACTIVE COMMISSIONING

Following construction of the plant, setting to work and inactive commissioning were
performed to demonstrate that:

(a) All safety related systems had been tested and found to operate as specified.
(b) The integrity of the plant had been tested using water to simulate sodium, caustic

and acid.
(c) The operability of the plant had been confirmed using 1.2 tonnes of clean sodium.

Setting to work, performed between 11 and 28 April 1996, tested the individual plant
elements to ensure that they operated within desired parameters. Several minor problems were
identified and rectified.

12
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Inactive commissioning, performed between 9 May and 11 September 1996, initially

tested the integrated plant using water as a simulant for molten sodium, caustic and
hydrochloric acid. During these trials, the plant trips and operating parameters were tested as
far as practical. On completion, the reaction vessel, acid and neutralisation tanks were drained,
the acid tanks were filled with 36% HC1 and the reaction vessel was filled with 10 molar
NaOH. Neutralisation trials were then done to check the parameter settings and control. No
major problems were identified during the water or neutralisation trials.

Following the neutralisation trials, the sodium system was fully drained and heated to
thoroughly to dry the vessels and pipework. This stage of the inactive commissioning was
concluded by processing six drums (1.2 tonnes) of clean sodium.

The sodium injection trials indicated a blockage problem with the nozzle. Nozzle
blockage was recognised as a potential problem during the design stage and it was decided to
inject into the gas space above the NaOH surface to minimise problems. In practice however,
there were problems. The nozzle was redesigned to reduce the potential to block and to
enable blockages to be cleared without removing the nozzle. This new nozzle enabled the
disposal of the final 200 kg of sodium during these trials to be at a sustainable rate of 100
kg/hr, with no blockage problems. This nozzle design has been patented by AEA Technology.

7. OPERATIONAL EXPERIENCE

Following the successful inactive commissioning, the plant entered an active
commissioning phase. This entailed the processing of 68 drums of KNKII secondary sodium
(11.5 tonnes) in three campaigns over a period of three months. The modified sodium
injection system worked well with sustained periods of operation at the design throughput of
100 kg/h. A number of modifications were identified to improve the operability of the plant.
These included an improved pressure control system for the injection tank and a facility for
clearing blockages in the dip leg between the drum and the buffer tank.

The plant is currently being prepared for a final demonstration run prior to going into
fully active operation when the KNKII primary sodium and the remainder of the secondary
sodium will be processed.

8. CONCLUSIONS

AEA Technology have designed a sodium disposal plant capable of the bulk
destruction of radioactive sodium. Problems of unreliable operation due to blockage of the
sodium injection nozzle have been eliminated, by the design of a novel sodium injection
system. This has enabled sustainable injection of sodium above the surface of the aqueous
caustic pool to be achieved.

Following successful completion of inactive commissioning, this plant is now in the
final stages of commissioning and has disposed of 13 tonnes of inactive and tritiated sodium.
Fully active operation is expected early next year.
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10. FIGURES

Figure 1: Schematic of Sodium Disposal Plant
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Figure 2: Reaction Vessel

Qapressute
VertUre

Hat

Gradating
Loop

< SodiumFeed

S'StedMsh

CXoflcwRt

15


