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1.  Introduction 
  
Dounreay, on the north coast of Scotland, was home to the United 
Kingdom’s Fast Breeder Reactor (FBR) development programme. FBRs 
use excess, non-moderated (“fast”) neutrons to convert (breed) 
uranium, in elements positioned at the outer edges of the reactor core, 
into plutonium which can then be used as fuel.  
 
Site construction began in 1955 and three reactors were built and 
operated; the Dounreay Materials Test Reactor (DMTR) 1958-1969, the 
Dounreay Fast Reactor (DFR) 1959-1977 and the Prototype Fast Reactor 
(PFR) 1974-1994. 
 
The DFR was conventionally fuelled by highly enriched uranium whereas 
the PFR used a ceramic form of plutonium oxide (PuO2) as it’s fuel. 
Dounreay was almost entirely self-sufficient in that a fuel cycle 
(chemical reprocessing) area was constructed complete with recovery 
plants, laboratories, waste storage and other support services 
buildings. Liquid plutonium nitrate product was sent to Sellafield, in 
Cumbria, to convert for future use, and the fuel elements were then 
fabricated at Springfields.  Eventually, recovered PFR plutonium was 
loaded back into the reactor, closing the fuel cycle. 
 
As a matter of interest for this paper, a Post Irradiation Examination 
(PIE) facility, D2001,  was built in the early 1960s.  The Plant was 
equipped with a suite of ten north and south side cells built to a high 
level of containment within which irradiated PFR fuel could be remotely 
disassembled and examined.  This work supported the continuing 
development of FBR design and technology and the Plant has operated 
very successfully throughout it’s lifetime.  
 
Each heavily shielded cell, approximately 2300 kg/m3 concrete, is fitted 
with Zinc Bromide filled viewing window.  In-cell operations are carried 
out using master slave manipulators. Fuel, waste and other items can 
be posted into or out of the cells via a posting valve (gamma gate) on 
top of each cell using a variety of dedicated, shielded flasks.  
 
Following the decision to cease the United Kingdom’s FBR programme in 
1988 (the PFR continued operation until 1994) and ending of fuel 
reprocessing in 1998, the Site entered it’s decommissioning phase.  PIE 
has ceased and D2001’s heavily shielded concrete cells are now used for 



dry fuel storage and the receipt, characterisation and repackaging of 
the Site’s solid, Remotely Handled Intermediate Level Waste (RHILW).  
As such, D2001 is key to the decommissioning of the Dounreay Site and 
has a projected further life expectancy of around twenty five years.   
 
Although services have been continually upgraded over the years, a 
programme of improvement was implemented to enhance reliability, 
productivity and to modernise the facility to meet current nuclear and 
engineering standards.  The condition of the original ventilation system 
justified a major project to replace each of the ten primary filter 
housings.  The new system was designed by UKAEA, RWE NUKEM Ltd. 
and local firm, JGC Engineering.  Firstly, the non-active system was 
installed by JGC Engineering, under UKAEA project management control, 
and then the active system was installed by in-house staff comprising a 
dedicated UKAEA Project Manager and Project Supervisor with support 
drawn from various services e.g. Operations, Engineering and Health 
Physics. 
 
In-cell ventilation is achieved by: 
• Fans pull clean air into and through the cells 
• this air is drawn from the cells, up and through primary and 

secondary high efficiency particulate in air (HEPA) filters 
• following filtration the air is monitored for radioactivity and 

discharged to atmosphere via a stack. 
 
The carbon filters shown in the schematic diagram below are no longer 
required and the filters, but not the housings, have been removed. 
 
 



 
Cell Ventilation – Diagrammatic Arrangement 

 
Changing a primary filter was a fairly complex task requiring the use of 
a specially designed, mild steel shielded type Z0670 flask.  Due to 
contamination present beyond the primary HEPA filters, and the 
housing interior being contaminated, a large containment was built 
around the filter to be changed.  Operators wearing airline suits loaded 
the used filter horizontally into the Z0670 flask.  Each used filter was 
consigned as Intermediate Level Waste (ILW) and then a clean filter was 
inserted under the same, but reversed, protocol.  
 
2. Radiological Protection Issues 
 
Since 1994 there has been a steady loss of experienced personnel 
through retirement and progression.  Recruitment in the past few years 
has addressed the lack of numbers, to an extent, but the large pool of 
experienced workers built up during the Site’s operational years no 
longer exists. 
 
Strict radiological protection controls were put in place, and 
maintained throughout, so that the project team was protected against 
contamination and radiation from plutonium, uranium and various 
activation and fission products, higher than many of the team had 
previously encountered. 
 



The general lack of personnel meant that project team numbers were 
low but the pressure to keep doses As Low As Reasonably Practicable 
(ALARP) was increased. On conclusion of the project a total of three HP 
Surveyors, three fitters, five Operators, two Supervisors (who were also 
appointed as Radiation Protection Supervisors) and two Operations 
Managers had been directly involved in the active work. 
 
Due to it’s vital role in the handling of the Site’s RHILW, D2001 could 
not be shut down during the filter housing replacement project. 
Fortunately,  the cell extract system design incorporate a bend in the 
pipework before it reached the filter housing, which prevented a direct 
shinepath from the cell.  This was advantageous as there was no need 
to move fuel from the cells, allowing operations to continue as each cell 
was sequentially taken off-line. 
 
The cell extract system could not be used to provide tent ventilation as 
would normally be the case, because each filter housing was 
mechanically isolated.  A Mobile HEPA Filtration Unit (MFU) was used to 
provide the temporary extract during the active stages of the works.  
The MFU was positioned outside the tent and contaminated air was 
extracted from the work area through a HEPA filter via a flexible 
ducting. A flowrate of 0.8 metres per second across the outer barrier 
had to be achieved before work was permitted to proceed. To reduce 
blinding of the HEPA a “sacrificial” coarse pre-filter was fitted to the 
extract ducting within the tent.  This filter was regularly replaced and 
disposed of as Low Level Waste (LLW).   
 
Alpha and beta activity-in-air monitoring was provided in various 
locations.  One unit, set to alarm at 5 DACh alpha and 1 DACh beta, was 
positioned by the tent entrance to warn the support team of potentially 
deteriorating conditions. A second unit, positioned between the first 
and second barriers and set to alarm at 12 DAC alpha and/or beta, 
would warn the undresser, wearing N10 respirator which has an 
Assigned Protection Factor (APF) of 40, that conditions were no longer 
viable.  To provide an idea of airborne contamination conditions close 
to the work area another unit, set to alarm at 100 DAC alpha and/or 
beta, monitored air from the inner tent.  Units within the barriered 
area returned exhaust air back to where it had been drawn from.  An 
activity-in-air unit was also positioned close by the MFU to monitor 
discharged air and confirm filtration efficacy. 
 
The Site uses Landaeur Optically Stimulated Luminescent dosemeters 
(OSLs) to record whole body doses. Additional OSLs were worn about the 
body and head to record doses in specific locations.  Extremity doses 
(finger, ankle etc.) were assessed by thermoluminescent dosemeters 
(TLDs).  Both types of dosemeter have relatively low detection 
thresholds and a good response to the wide range of energies 
encountered.   
 



Additional control was achieved, managerially, by detailing the 
dosimetry requirements and where on the body each dosemeter should 
be worn.  An individual, external, whole body exposure dose limit was 
set, typically one milli Sievert, for those working at any housing. 
Siemens Mk2 Electronic Personal Dosemeters (EPDs) set to alarm at pre-
set dose and doserate levels, and complete with a specific Work Area 
Code,  provided “real-time” dosemitry and doses were also reviewed 
daily against anticipated doses.  
 
3.  Preparatory Work 
 
The design concept stipulated by Management was that the new system 
had to be of a remote, safe change design which would also prevent 
contamination of the housing interior and new extract ductwork.  This 
concept was developed by UKAEA with assistance from RWE NUKEM Ltd. 
 
Norfrost Ltd. manufactured a prototype housing and filter which 
demonstrated that the design was feasible.  JGC Engineering then 
manufactured the remaining nine units. 
 
A cell that was clear of contamination was chosen as the first housing to 
be replaced, so that any practical difficulties could be highlighted and 
changes incorporated before work on the higher activity housings was 
attempted. 
 
Two more cells were identified as being broadly representative of the 
remainder and radiological data was collected from them to estimate 
the likely doses to personnel.  This information allowed us to establish 
a project-specific dose restraint objective (DRO).  This is a management 
tool prompting review of work practices to ensure correct controls are 
in place.  In practice, a DRO is a dose that we do not expect to exceed 
when work is well planned and properly managed.  This project DRO 
which was set at 3 milli Sieverts (per individual, external + internal) 
and 10 milli Sieverts (per individual, extremities). 
 
From the outset, regular (daily) meetings were held between all 
interested parties, including the workforce themselves.  Full 
involvement of the workforce resulted in an element of ownership.  
Pride in the job noticeably increased and problems were highlighted 
early, as they arose.  A critical part of the success of the project was 
“on the job” problem solving by them and, as a consequence, doses 
were reduced. 
 
Method statements and risk assessments were drawn up, by the Project 
Supervisor with advice from the Radiation Protection Adviser (RPA), for 
each housing replacement. The contents were agreed before any work 
proceeded and the documentation included hold points and 
confirmatory signature boxes.  
 



Due to posting valves, various service ducts and extract pipework 
crossing the cell roofs, use of a solid containment was impractical and 
so a PVC containment (“tent”) was erected around each primary filter 
housing.  
 
4.  The Work Programme including [Challenges and Solutions] 
 
• The filter housing was mechanically isolated from the extract system 

by closing valves upstream and downstream of the filter. 
• The filter was removed from the housing and transferred into the 

Z0670 flask and consigned as RHILW. 
• The front of the filter housing was opened and decontaminated by 

personnel wearing air-fed suits using remote, and extended, tools to 
increase their distance from the source, aiding dose reduction. 

• [Throughout all drilling and decontamination operations a quick 
change, shielded catch pot, designed by the team, was fitted to a 
“H” type HEPA filtered vacuum cleaner.  This allowed higher levels 
of activity to be collected before requiring a change. Used catch 
pots were loaded onto a lead shielded trolley and posted into the 
Waste Posting Cell as RHILW]. 

• [The use of tacky “DeRad” swipes allowed loose contamination to be 
collected,  and contained, quickly and efficiently]. 

• Representative smears were taken from the housing interior and 
analysed to provide quantitative alpha, beta and gamma 
information. 

• Once the levels had been reduced, to levels as low as reasonably 
achievable, any remaining loose activity was fixed in place using tie-
down material.  

• A plate between the filter housing and inlet chamber, held in place 
by eight cap screws, was then removed. 

• [This required close working within the filter housing so Perspex 
sheeting, several millimetres thick, was used to shield personnel 
against high beta doserates. The team quickly adapted and 
developed a right angled drill and bit, to drill out the cap screws at 
greater distances thereby greatly reducing skin doses.  For the last 
few filter housing replacements this plate was mechanically broken 
out, further saving time and dose]. 

• [When contamination was down to acceptable levels, custom 
designed, remotely operated equipment e.g. the extended 
trepanning tool was used to cut the pipework linking the cell extract 
to the filter housing.  The resultant stub was sealed using an 
expanding bung].   

• The filter housing, now physically separated from the cell roof, was 
jacked up and securely wrapped in PVC . 

• The tent interior was thoroughly decontaminated before the roof 
was opened and the building crane removed the old housing which 
was consigned as bulk LLW.   

• The building crane carefully placed the new housing in position and 
the tent integrity was reinstated.   



• The expanding bung was removed, the old ventilation stub 
connection decontaminated and mechanically prepared and welded 
to the new filter housing inlet stub. 

• Once this weld had passed a non destructive test, the tent was 
decontaminated, removed and disposed of. 

 
The above cycle was repeated for each housing in turn. 
 
Once all the new housings and filters had been installed full, integrated 
commissioning of the system was carried out. 
 
5.  Activity Levels and Dosimetry Results 
 
Contamination levels varied greatly from housing to housing.  Typically, 
milliSieverts per hour (mSv/h) beta-gamma and hundreds of Becquerels 
per square centimetre (Bq/cm2) alpha were encountered.  Additionally, 
contamination deposited within the extract ductwork, resulted in 
increased ambient doserates, to a maximum of 2 mSv/h gamma, over 
the building’s operating period. 
   
Cell 3: during the replacement of this filter housing a single, discreet, 
fixed “hotspot” to 1 Sievert per hour (beta) was detected in the 
adhesive material that secured the filter housing to the cell roof.  This 
activity was initially shielded by Perspex before the spot was “posted” 
back into the Cell. 
 
Extract pipework: 90 mSv/h beta-gamma (probe), 6 mSv/h gamma 
(probe), > 160 Bq/cm2 alpha (swab), 10 mSv/h beta-gamma (swab) 
 
Housing interior: 300 mSv/h beta-gamma (probe), 10 mSv/h gamma 
(probe), > 160 Bq/cm2 alpha (swab) 10 mSv/h beta-gamma (swab) 
 
Vacuum catch pot:  18 mSv/h gamma (probe), 8 mSv/h beta-gamma 
(swab). A Geiger-Müller probe, connected to an Automess ratemeter set 
at a pre-determined doserate alarm level, was attached to the catch 
pot whenever the vacuum was running.  
 
The catch pot was usually changed when readings at it’s exterior 
reached 3 mSv/h gamma.  During Cell 3 it was obvious that activity 
levels were higher and, after RPA consultation, agreement was made to 
carry on and remove the highest activity in one pass. This catch pot 
was changed with the exterior doserate at 18 mSv/h gamma.  
 
The positioning of the catch pot was important.  It had to be in the tent 
but easily accessible for changing.  Throughout the project it’s 
positioning was optimised to be as far away from personnel as 
reasonably practicable to reduce operator dose. 
 
 



 
 
 
 
 
 
 
i.  Highest individual doses 
 

Body 
OSL 

(mSv) 

Left 
Hand TLD 

(mSv) 

Right 
Hand TLD 

(mSv) 

Left 
Ankle TLD

(mSv) 

Right 
Ankle TLD 

(mSv) 

Eye 
TLD 

(mSv) 

2.77 7.65 9.73 1.08 0.89 1.04 
 
ii  Project total doses   
 

Body 
OSL 

(mSv) 

Left 
Hand TLD 

(mSv) 

Right 
Hand TLD 

(mSv) 

Left 
Ankle TLD

(mSv) 

Right 
Ankle TLD 

(mSv) 

Eye 
TLD 

(mSv) 

22.79 51.84 58.32 4.42 4.02 4.38 

 
The highest doses were accrued during work associated with Cell 3. 
Taking nearly 6 weeks to complete, this filter housing took the longest 
to replace because it was unique in that it had a double floor, which 
was not shown on any drawing. It also had the highest contamination 
levels and took longer to decontaminate to contamination levels where 
the fitters could do the required “hands on” type of work. 
 
iii  Highest alpha activity-in-air results  
 

Filter Housing Area Undressing Area Tent Entrance 

28.19 DACh  2.3 DACh 1.98 DACh 

 
The activity-in-air results demonstrated that personnel wearing airline 
suit (APF 200) or N10 respirator (APF 40) were adequately protected. 
 
Internal doses to workers who wore respiratory protective equipment 
(RPE) were assessed from noseblow sample provide on completion of 
each tent entry. In three instances the 0.5 Bq trigger was exceeded and 
the individuals were placed on a urine and faecal bio-assay sampling 
regime. Although the doses from these intakes were assessed as being 
insignificant, as a precautionary measure, the persons were removed 
from active work but continued to provide direct project support. 
 



Results from the activity-in-air unit at the MFU extract were all at 
background levels. 
 
Filter housing replacement started in January 2004 and was complete 
by that Christmas.  
 
 
 
 
 
 
6.  Lessons Learned 

 
• Work methods and tools were continually reviewed and improved.  

Many improvements being put forward by the workforce themselves as 
experience was gained, including. 
− Airline hoses were suspended via karabiners from a rod across the 

tent ceiling.  This reduced the amount of resuspended activity 
created by contact between the hose and the contaminated floor and 
movement by airline suited persons within the tent was easier 
because the hose did not drag behind them 

− A quick and easy to change, shielded vacuum cleaner catch pot was 
designed.  Activity was concentrated in the vacuum bag and 
containing this within the shielded pot meant that time to change 
the pot was reduced.  A trolley, fitted with further lead shielding, 
was then used to transport the shielded pot away to a remote 
location to be consigned as RHILW 

− The extended trepanning tool and right angled drill (and bit) allowed 
work to be done further away from the filter housings’ contaminated 
surfaces which helped reduce doses. 

− Proprietary tacky swipes were very efficient at lifting loose 
contamination. 

• The RPA signed onto each housing’s Method Statement at pertinent 
hold points  allowing appropriate radiological control to be 
maintained.  This helped ensure the individual doses incurred by 
personnel fell within the 3 mSv (external and internal) and 10 mSv 
(extremity) DROs. 

• The project team became very dynamic and capable of quickly 
adapting to unforeseen events.  

• Wherever possible the work teams were regularly rotated and higher 
exposed persons were restricted from in-tent working although they 
continued to directly support the project.  

• As the team became practised, and more efficient, in the operations 
the exposure time, and therefore the resultant dose, was reduced. 

• Lead and Perspex shielding design was developed as it had to be 
temporary and portable so it could be put in place, and removed, 
quickly 



• Contamination was reduced to manageable levels i.e. source 
minimisation was optimised   

 
7.  Conclusions 
 
1. Close team working was key to this project’s successful completion, 

especially when working with radiation and contamination levels not 
previously encountered.  

2. The workforce are chosen for their skills but their full “buy in” is 
essential to the success of any project and should be encouraged. 

3. Daily review and planning meetings, formal or informal, fully 
involving the entire workforce not only keeps all personnel up to date 
but also reduces problems and builds team spirit. 

4. Sharing of information across disciplines ensures all retain an overall 
view of the state of the project. 

5. Any project must be capable of reaction to changing conditions such 
as encountered at Cell 3 - expect the unexpected! 

6. Once the project team has been established, retention of experienced 
staff is to be encouraged.  During the course of the project two 
meetings were held at which the retention of key personnel was 
successfully agreed with their management. 
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