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The detailed design and the manufacturing processes used in the production of UK naval

the Committee on 12 March, 1998.

ARRANGEMENTS FOR THE MANUFACTURE OF SUBMARINE FUEL
by Ian Gray and Ian Evans, Rolls-Royce and Associates Ltd, Derby

1) Introduction

In 1954, the first nuclear powered submarine, the USS Nautilus was launched by the
US Navy. This transformed the submarine concept from a slow under water vessel with limited
endurance to a high speed warship capable of many weeks of submerged operation. The
achievement was not lost on the UK government of the day which instituted a nuclear
submarine development programme. The programme recejved a significant boost in 1958 when
the US/UK bilateral Agreement for Cooperation on the uses of Atomic Energy for Mutual
Defence Purposes was signed.

Amongst other things, the Agreement provided for the supply of a complete S5W
propulsion plant as fitted to the then latest US Skipjack submarine class and also the transfer of
the basic reactor technology and the manufacturing expertise from Westinghouse to Rolls
Royce. Rolls-Royce and Associates (RRA)was formed in 1959 with the “Associates” being
Vickers, Foster Wheeler and Babcock & Wilcbx. The Associates’ shareho[dings were

subsequently bought out and RRA is now fully owned by Rolls-Royce ple. The first UK nuclear

reactor test facility, Vulcan was established adjacent to the UKAEA fast reactor site at
Dounreay and went critical with the first all Britis]y reactor core (Core A) in 1965.
Since that time RRA has developed a series of cores and reactor designs based on (fe

original US technology, but now very different from the plants which power the US Navy.
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Following the original transfer, there has been only limited interchange between the US and the
UK on naval reactor technology and the current reactor plant and cores may be regarded as

essentially UK designs.
2) Core Design

considerations with the core life showing a progressive upward trend with successive designs.
For example, the latest core design (Core H) will allow the new Astute Class, previously
known as Batch 2 Trafalgar, to operate without refuelling for the whole of the vessel lifetime
whereas the early cores were exhausted after a fewy thousand hours of full power operation.

The Ministry of Defence requires that, where practicable, the safety of its naval reactors and the
associated processes and activities be to the same high standards as are adopted in the UK civil

nuclear industries.

Zircaloy clad. Burnable poisons are Incorporated to assist reactivity control through life. The
core is of modular construction. Reactor reactivity control and shutdown functions are
achieved with control rods, The overall reactor temperature coefficient is negative and the core

is designed to be self regulating and able to follow flexibly turbine steam demands without the

need for rod movements, H:‘{/VW«M Luw’(”\'z-»( Ay |~ sl t'.'(."w“‘* 4 T WMJ ‘g
4 / N 5 e ( ly,u‘ruf -~ W
ST amt cpenloing am Gk~ b | /

3) Core Manufacture A "\{[“5 — ey L WLLJ\

The Rolls-Royce Core Manufacturing Plant was built in the late 1950s to the original
Westinghouse design. Due to the nature of the processes and the relatively small throughput,
manufacture is not highly automated. However, design tolerance requirements have become
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manufacturing tolerances of the complex components and assemblies. [y many respects, there
is much in common with industrial processes which, for example, melt and fabricate titanium

alloys for the aerospace industry.

performance and quality control measures are required which measure and confirm that

reactivity and poison disposition match the design intent. Conﬁrmatory measurements of core




There is recognition and control of sources of moderating materials such as water, lubricating
and hydraulic oils and polyethylene.

Storage of completed fuel assemblies prior to shipment to the Naval bases or to the
Vulcan test facility is carefully controlled. Each module has its control rod locked in place and
the storage facility takes account of accidents which could change the fuel configuration and
introduce moderator.

Scrap materials and arisings are as far as practicable recycled within the facility. The
nature of the materials handled requires that strict accountancy measures are adopted for all
fissile materials on the site. Periodic audits of the inventory of fissile material are undertaken

by the Ministry of Defence.

4) Regulation

All activities are subject to civil regulation by the Nuclear Installations Inspectorate.
Arrangements are in place to discharge the Generic Licence Conditions in a manner similar to
other civil licenced sites. The Neptune zero power reactor is subject to separate civil licencing
by the NII. The Vulcan Test facility remains subject to regulation by the MoD. A Safety
Committee, chaired by the General Manager of the Nuclear Components Division, operates as
required by the Site Licence. The liquid and gaseous discharges from the plant are authorised
by the Environment Agency. The disposal of solid low level waste material is undertaken at the
Rolls Royce licenced disposal site at Crich in Derbyshire. The BNFL Drigg disposal site is not
used for wastes from the manufacturing processes. Transport of fuel components to naval sites
is regulated by the Department of Transport which approves both the fuel containers and the
transport arrangements.

Standard MoD approved security is maintained on the site with the whole workforce

subject to security vetting by the Ministry of Defence.




