
Very Large Scale 
Vacuum Systems



Introduction

• I am Derek Thomas

• This presentation is about  Urenco at 
Capenhurst

• Good timing, it’s 40 years since we set up 
Urenco
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The Urenco Group

• A Tripartite Organisation
• Partners are  British, Dutch and German
• 40 years old this year
• Jointly own a company called ETC, who 

make our centrifuges.
– This is with Areva
– ETC own all aspects of centrifuges



The Urenco Group  (contd)

• Working at 4 Production sites
– Capenhurst, Almelo, Gronau, Eunice

• Number of employees around 2500

• Annual Turnover of around £1billion

• Order book of over £17 billion 



Enrichment

What is it?

• U-235 is the isotope that takes part in nuclear fission

• Natural Uranium is only 0.7% U-235

• Reactors are more efficient with U-235 at 4-5 %

• Separating Uranium to produce this is called

Enrichment



Our Process

• Separating U-235 from U-238

• We use Gas Centrifuges

• Other techniques are available!

• We use Uranium Hexafluoride  (HEX)  UF6 

• A gas at useable temperatures and pressures

• Mono-isotopic



Aerial view of Capenhurst (old)



Aerial view of Gronau



Aerial view of Almelo







Capenhurst today



Plant Control Room



UF6 Chemistry

Reaction with Water:
UF6 + 2H2O = UO2F2 + 4HF 

Reaction with Metals:
UF6 + Me = MeFn + UF4

Reaction with Organics:
UF6 + R-H = UF4 + RF + HF

Reaction with Fluorocarbons:
Virtually none



UF6 Physics

• White, crystalline solid at room Temp
• Vapour pressure at Room temperature is 

100 mbar, atmospheric at 56.6 C
• Gas is Ideal below 500 mbar
• Liquefies at 1500 mbar
• Solid to liquid large change in density
• Gas Density is 10 times that of air



Separation

• Value function: (The value per mole of a mixture of 
isotopes)

V(n) = (2n-1) ln(n(1-n)-1)

• Separative Work: (Change in the Total Value when 
isotope stream passed through a separating element)

dU = P.V(Np) + T.V(Nt) –F.V(Nf)



Centrifuge Aspects

Output directly proportional to length

Output proportional to Speed4

– Need to go fast so need vacuum
– Need to be light
– Need to be strong enough
– Need to be balanced



Plant Schematic



Plant

• Previous slide typical of plant process

• Volumes: Tens of Thousands of m3

• Aims: Long life, consistency, no 
deterioration, reliable and low 
maintenance, low cost, easy to operate



What do we have

• Centrifuges
• Pumps and compressors
• Valves
• Pressure gauges
• Pipework
• Seals
• Leak detection
• A process taking place totally in a vacuum, with 

radiation



Centrifuges



Pumps and Compressors

• Roots pumps in the process stream
• Rotary Vane pumps on the vent/effluent lines
• Need to be compatible with Hex
• Internal Seals
• PFPE oil
• Canned motors on roots compressors
• Other pumps: Normatex, Northey, scroll pumps, 

Sogevac













Valves

• Stop and control valves
• Stop valves: fast acting, normal speeed, 

fail close and fail open, manual and 
automatic

• Control valves: auto with stepper motors, 
and manual

• Originally used our own design
• Now across group use commercial 

designs



Pressure gauges

• Simple: use capacitance manometers
• Why? Wide range of operation, accurate, 

reliable in our conditions, can use hot or 
ambient

• We use one supplier across the group
• Some issues of drift or step changes
• Looking for an alternative



Pipework

• Well, metal.
• Used copper, stainless steel, aluminium, 

aluminium alloys
• Must hold vacuum permanently
• Some flexibles, limited application areas



Seals

• Standard  1 x 10-7 mbar.li.sec-1

• Welds
– Aluminium is difficult
– Lots of them
– Welding delicate items together sometimes

• Flanges
– Klein, or LF,  with various clamps
– Double o-ring with interspaces
– Pipe flanges 4 or 6 holes, or our own





Leak Detection

• Standard as before
• Use helium MSLD. Types?
• Large volume, gets smeared, so use  standard 

of 1 x 10-9 mbar.li.sec-1

• Or really: see a sign of a leak, fail it
• Valve seats: 

– new vs used.
– Manufacturers’ method?

• Isolated Pressure Rise



A process

• Separation process, continuous apart from feed 
and take off

• Things happen fast!
• Environment to consider
• Key aspect all the way through is 

CLEANLINESS
• We aren’t a UHV facility, but our cleanliness, 

outgassing and inleakage standards are 
approaching that.

• Ironically, radiation not much of an issue.









Issues of Scale

• Compartmentalisation
• Redundancy
• Safety
• Operability and Maintainability
• Specialisations
• Costs



So: What could go wrong?





Conclusion

• Lot of vacuum aspects
• Lot of equipment
• No big orders I’m afraid, but need to keep 

up with developments and any new 
interesting stuff!




