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When the Prototype Fast Reactor (PFR) at Dounreay was shut down in 1994, the United

Kingdom Atomic Energy Authority (UKAEA) commissioned a series of studies to determine

the least cost, lowest risk option for dealing with the Equid metal coolants, ie. the sodium from

the primary and secondary circuits and the NaK from the decay heat removal system. The

studies concluded that leaving the liquid metals in-situ was not a viable option - keeping them

hot would result in significant on-going costs for maintenance of heating systems and auxiliary

services. Allowing them to cool, which would lead to solidification of the sodium, would

result in the risk of damage to internal structures and the potential for difficulties in future

remelting. Removing the liquid metals had three options - provision of long term external

storage facilities, re-use in other projects or treatment for final disposal. New external storage

facilities would be expensive to construct with on-going costs for care, maintenance, security

and auxiliary services, whilst only delaying the reality of re-use or final disposal. Short term

re-use was discounted because of the absence of large UK based Fast Reactor development

projects and because low level radioactive contamination prevented sale on the commercial

market. The conclusion of the studies was therefore that the large inventories of PFR liquid

metal coolants should be treated for final disposal. The UKAEA invited companies to bid for

the challenging task of disposing of more than 1500 Te of liquid metals.

PROTOTYPE FAST REACTOR (PFR) AT DOUNREAY
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Contract Award

In September 1995, the TJKAEA awarded NNC Limited one of the largest decommissioning

projects ever to be let competitively in the UK. In a six year programme NNC will design,

build, commission, operate and decommission a dedicated disposal plant and all the systems

necessary to deliver liquid metal to the plant from various locations within PFR.

NNC will use two main sub-contractors during the contract, Framatome and AEA Technology,

and has pledged to place as much work as possible with companies local to the Dounreay

plant.

The chosen method for liquid metal disposal is based on the process patented by the French

nuclear organisation CEA which has already been successfully demonstrated by processing the

sodium from the Rapsodie reactor. Framatome are the licence holders of the so-called NOAH

process - an anagram of the chemical symbols for sodium, oxygen and hydrogen. The NOAH

process will be adapted to the larger volumes of coolant at PFR.

Disposal Plant

In the Disposal Plant small quantities of liquid metal are introduced to water by metered

injection. The resultant controlled reaction produces aqueous sodium hydroxide which

undergoes a neutralisation process using hydrochloric acid to form aqueous sodium chloride.

This is then cooled and filtered to remove radioactive participates. The plant is designed to

process an average of 2.5 Te of liquid metal per day.
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THE LIQUID METAL DISPOSAL PROCESS

During the reaction process the hydrogen which is produced will be diluted using a high

volume ventilation extract system and specially designed dispersal nozzles, keeping the

hydrogen concentration well below that at which the gas could ignite or explode.

The Disposal Plant will be located in a new three-storey steel-clad building, 30m long x 12m

wide x 10m high, which will be built inside the empty shell of what used to be the PFR turbine

hall. A dedicated control room will be provided within the building to monitor all aspects of

the process. A number of cells will be constructed in 500 mm thick concrete to house the

process vessels and equipment and limit radiation levels.

Construction of the plant started in January 1997 and it will be ready to commence processing

in September 1998.

Liquid Metal Supply

Liquid metals from various sources at PFR will be batch transferred to a 15 Te capacity buffer

tank at the head-end of the Disposal Plant.
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In order to simplify the task of future decommissioning of the PFR structures, it is essential

to ensure that the maximum amount of liquid metal coolant has been removed. Various

innovative solutions have been developed to ensure maximum extraction from all locations.
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REACTOR LAYOUT

The largest single liquid metal inventory is the 900 Te of coolant in the PFR reactor vessel.

The fuel assemblies have previously been removed from the reactor core and replaced with

dummy assemblies to retain the geometric configuration and to provide an equivalent system

pressure drop. The primary coolant in the PFR reactor vessel is currently being maintained

at a temperature of about 225 °C by operation of the existing coolant circulating pumps.

Development of a method for removal of the coolant from the reactor vessel, which is more
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than 15m deep, has required particular consideration. An extract pump mounted on the reactor

roof would not be able to provide sufficient suction to lift coolant from the bottom of the

reactor. Pressurising the vessel to assist coolant removal was not possible because of vessel

design and existing seal arrangements. It has therefore been necessary to design a fluidic

pump, capable of operating in a high temperature environment, which can be submerged near

the bottom of the reactor vessel. The pump has a deployable flexible nozzle which extends

to reach the maximum amount of coolant. A new shielded pipeline will be installed to transfer

the liquid metal from the pump outlet to the buffer tank at the head-end of the Disposal Plant.

Draining down the coolant within the reactor vessel will expose the inlet to the existing

circulating pumps and the pumps will no longer be able to provide a heat input.

At the time of filling PFR with coolant, the same problem existed in reverse and a heating coil

was installed in the bottom of the reactor vessel to maintain the liquid metal temperature until

the pump inlet level was reached. Pipework to and from the healing coil passed through the

reactor roof to a heating module in the PFR reactor hall. The working fluid was a

sodium/potassium eutectic alloy that remained liquid at ambient temperature. Before operation

of PFR started, the pipework was capped above the reactor roof and the heating module was

dismantled. An important part of the decommissioning programme is to construct a suitable

replacement heating module and recommission the original heating coil.

Maintaining the reactor coolant at a temperature greater than 200° C is fundamental to the

decommissioning strategy. NNC is developing a back-up electric immersion heater to provide

sufficient heat input in the unlikely event of heating coil failure.

The reactor vessel was not designed to be fully self draining, so innovative techniques have

been developed to ensure the maximum amount of coolant can drain to the bottom of the

reactor vessel. If the bulk liquid metal level were simply to be lowered, trapped volumes

would remain in pipework and structural features, which would solidify and increase the risk

and difficulty of further decommissioning. NNC, using its specialist design and manufacturing

facilities at Risley, is therefore developing a drilling machine and pipe piercing machine to

make drainage holes in the structures, where significant volumes of liquid metal would be

trapped.
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An extensive test programme has been completed to characterise the drilling process. A high

rotational speed with low feed rates results in work hardening of the work piece and leads to

difficulties in controlling the drill bit penetration. A low speed with high feed rate results in

high loads on the drill bit. Both extremes result in drill failure. Tests in ambient air and under

liquid metal at 280°C have enabled the selection of optimum speed and feed rates that give

repeatable success. Monitoring of torque and axial load provides data that can be used to show

that the actual installed machine has achieved drilling of the hole in the reactor structure.

Hole punching trials using a hydraulicalry operated device have also been completed in air, hot

air and liquid metal at 280° C to establish the characteristics of the process and to enable

selection of the best hydraulic fluid and sealing arrangement. Monitoring of the hydraulic

pressure under all conditions has resulted in a typical pressure/displacement characteristic that

can be used to demonstrate that successful hole punching has been achieved. A special

machine to deploy the hole punch into the reactor vessel pipework has also been designed.

NNC has demonstrated through successful laboratory tests that the machines will be able to

operate effectively in the high temperature, non-lubricating, non-oxidising environment.

Installation will necessitate the removal of various radioactively contaminated components

safely from PER so that the new equipment can be introduced without compromising the

overall decommissioning programme.
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DRILLING- AND PUNCHING TEST RIG

In addition to the inventory of the reactor vessel, liquid metal was also used in several other

locations within the PFR complex. NNC is engineering various systems to enable extraction

from these locations and delivery to the Disposal Plant.

An additional important part of the overall contract is the provision of safety cases, support

documentation and procedures necessary for working on a nuclear licensed site. NNC will

provide Health Physics and dosimetry support for all personnel working on the contract.
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Conclusion

During the first year of the Liquid Metal Disposal contract, the challenges have focused on

solving design problems and a number of innovative solutions have been developed by NNC

and its sub-contractors. From January 1997 the focus has moved to construction on site at

Dounreay, and the manufacturing and installation of the mechanical components of the plant.
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