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Abstract  - At the Sellafield nuclear site, Highly Active Liquor (HAL) produced from Magnox and Oxide 
reprocessing operations is evaporated and interim stored in the Highly Active Liquor Evaporation and 
Storage (HALES) complex prior to vitrification in one of three Waste Vitrification Plant (WVP) processing 
lines. These plants are integral to the current commercial activities at Sellafield and also in safely 
discharging liabilities in the future. The management and operation of HALES and WVP are subject to 
significant regulatory and public scrutiny and there is the requirement to deliver a reduction in the HAL 
volumes stored in HALES in accordance with a regulator imposed HAL stock reduction specification.  
In delivering the required reduction BNFL has  faced a number of technical and operational challenges 
which have resulted in the development and execution of significant programmes of research and 
development and  technical and engineering projects. The key challenges faced are briefly presented.  
 

 
 

INTRODUCTION 
 
At the Sellafield nuclear site, Highly Active 
Liquor (HAL) produced from Magnox and 
Oxide reprocessing operations is evaporated and 
interim stored in the Highly Active Liquor 
Evaporation and Storage (HALES) complex 
prior to vitrification in one of three Waste 
Vitrification Plant (WVP) processing lines. 
Since oxide reprocessing operations of  Thorp 
commenced the arising rates of HAL have 
significantly increased.  In 2001, a specification 
was imposed on BNFL by the Nuclear 
Installation Inspectorate (NII) which 
progressively reduces the volumetric allowances 
for total HAL and Oxide derived HAL over time 
as shown below. 
 

Fig 1 –Graph showing the HAL stock reduction 
curve 
 
 
 
 

To enable the HAL volumes to remain within the 
specification without constraining reprocessing 
requires that risks are identified and managed 
and that improvements, where possible, are made 
within HALES and WVP.  
 
Key Objectives 
 
The primary requirements to support HAL 
reduction are to 
• Minimise the volumetric impact of 

reprocessing arisings by optimising 
evaporator operation  

• Optimise Highly Active Storage Tank 
(HAST) storage volumes within the relevant 
physical and chemical constraints  

• Maximise the WVP container production 
rate from the three  lines. 

 
Key Threats 
 
Over recent years a number of unexpected 
challenges have threatened the delivery of the 
above objectives. The key challenges have been 
associated with 
• Blockages in the evaporator systems  
• Solids management on the HASTs 
• WVP operation. 
As these challenges have arisen projects to 
understand the issue and deliver long and short 
term solutions have been instigated. Three key 
project areas are discussed below. 
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Evaporator Studies 
 
The occurrence of a number of blockages and 
solid accumulations in the evaporator systems 
lead to plant investigations which lead to the 
initiation of specific areas of technical work. 
Initially work focussed on remediation activities 
to remove solids and identified that one of the 
key species were Barium/strontium Nitrate, the 
latter of which is heat producing. 
 
To avoid future issues with solids on the base of 
the evaporator work was carried out to assess the 
solubility of Ba/Sr Nitrate over a range of total 
nitrate concentrations [Ref 1]. This work enabled 
the final phase of the evaporator cycle to be 
improved to limit the potential quantity of heat 
generating solids settling on the evaporator base. 
 
In parallel, further studies were carried out in 
order to reduce the impact of reprocessing 
arisings on HAL stocks. To achieve this it is 
necessary to optimise the HA evaporator batch 
operations subject to all known  process and 
chemical constraints of the system. 
 
 
HAST Storage  
 
As well as soluble species HAL contains a 
variety of solid phases. These include typically 
rapidly settling Caesium phosphomolybdate, 
barium/strontium nitrate and zirconium 
molybdate and the slower settling zirconium 
phosphates. Caesium and strontium are the 
significant radioactive components of these 
phases, which if allowed to settle, can produce a 
local concentration of radiogenic heat. 
 
The treatment and control of these solids is 
fundamental in managing the hazard contained 
within the HASTs. It is important that the heat 
generating solids are maintained in suspension 
and that the optimal chemical conditions are 
understood and controlled. 
 
Assessment work was carried out to determine 
the likely composition of the heat generating 
solids for the existing HAL stocks and also for 
predicted future arisings.  Each of the HASTs is 
agitated by jet ballast agitators and thus crucially 
it is not only the chemical content of the material 
but also its physical properties, such as yield 
stress, that govern the quantity of material out of 
suspension. 
 

In order to assess the best operating regime a 
process model of the jet ballast system was 
constructed along with more complex CFD 
models to give insight into detailed particle 
behavior. The models were validated against 
historic work carried out on a full scale inactive 
HAST using a basic chalk in water simulant, but 
to obtain more realistic data an experimental 
programme was carried out to determine 
fundamental physical data on the yield stresses 
of the HAL solids [Ref 2]. This was then used in 
the validated model to assess best practice for the 
jet ballast systems and to identify engineering 
improvements to optimise the system. 
 
Further work is being presented at this 
conference that discusses another work stream 
which looks to convert heat generating solids 
into inactive solids to further reduce the risks 
associated with heat generating solids [Ref 3]. 
 
WVP Improvement Plan 
 
To remain within the HAL stock specification 
for the programmed reprocessing throughputs it 
is planned to ramp up the number of containers 
produced per year in WVP to a total of 550 by 
2006.  
 
A number of diverse problems have impacted 
upon this ramp up including 
 
• HAL feed line blockages 
• Offgas system blockages  
• Premature melter failures 
• Electrical arcing in the melter induction 

system on Lines 1 and 2 
 
A 10 point improvement plan was instigated to 
support this aim of achieving 550 containers per 
annum. 
 
The early phases of the plan were ostensibly 
completed in 2003. In regard to the specific risks 
identified above the following activities were 
undertaken: 
 
A remotely deployable camera inspection unit 
was designed and tested before deployment onto 
the Line 1 and 2 HAL feed lines. This enabled 
the blockages to be viewed, to enable the 
composition to be assessed. Subsequently the 
camera system was deployed with a low pressure 
jet attached to apply an appropriate reagent to 
remove the blockage. The inspection was 
repeated some two years later to assess the 
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condition of the pipework. This indicated that the 
wash regimes employed after the blockage event 
were successful in keeping the feed lines in this 
area clean. 
 
A greater understanding of offgas system 
blockages has been achieved which enables rapid 
response and clearance of blockages prior to 
them causing significant downtime. 
 
Line 2 through wall crossings, which carry the 
electrical current and cooling water to the 
induction melter in cell, have been replaced. This 
process involved drilling, shearing and cutting of 
the copper pipe and sindanyo insulation and the 
safe extraction of dust and swarf produced into 
the cell environment This task is extremely 
challenging and involved multiple penetrations 
into the HA cell. This process is planned to be 
repeated on Line 1. 
 
The introduction of Line 3 has provided a 
number of opportunities to improve the 
vitrification process. The line 3 melter utilises 50 
Hz melter technology as opposed to 4 Khz 
technology utilised on Lines 1 and 2. This 
technology was extensively tested inactively 
prior to installation The benefits of 50 Hz 
technology over 4 Khz technology are manyfold, 
but most importantly, is the difference in field 
penetration. The 50 Hz field induces throughout 
the whole crucible wall whereas the 4 Khz field 
only acts on the crucible surface. This difference 
means that the 50 Hz melter can be operated at 
lower temperatures and that a thicker material 
can be utilised. The combination of a thicker 
melter and a reduced temperature, and 
consequentially a reduced corrosion rate, is 
expected to lead to an increase in the lifetime of 
the melter. 
 
Line 3 is on programme to meet its business plan 
ramp-up targets, thereby fulfilling its anticipated 
contribution to container output. 
 
To further support the plan an extensive 
experimental programme of up to 5 years 
duration has been formulated which will be 
evaluated using the Vitrification Test Rig (VTR).  
 
VTR is a full scale inactive test rig replicating 
the key processes of WVP. It can be configured 
to replicate the operations of the WVP lines, and 
will be fed with a chemically representative 
simulant. The extent of VTR is shown 
diagrammatically below 

 
 
Fig. 2. Vitrification Test Rig schematic. 
 
The rollout of all aspects of the technical and 
engineering developments onto all the WVP 
lines is being carried out as an integrated 
programme whilst delivering the required 
production targets.   
 
CONCLUSIONS 
 
The Highly Active treatment plants have faced a 
number of challenges over recent years that have 
lead to a concerted technical and engineering 
programme of work. 
 
The results of the work to date have lead to 
significant improvements in the performance and 
sustained operations of the plants. 
 
Continuing Technical and Engineering work will 
support BNFL in delivering the required 
performance of HALES and WVP. 
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