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Safety at RAL

Introduction

This document is meant as a guide only. It is meant to be read in conjunction with the applicable safety notices/regulations. 

The MICE safety case (hazard assessment) should identify the possible accidents, analysing probability and consequence and the steps needed to reduce the risks to be as low as reasonably achievable. An independent safety review committee will assess the hazard assessment. A full justification for the use of hazardous substances (e.g. hydrogen or beryllium) as opposed to safer alternatives will have to be made.

The regulations that will need to be addressed to are:

a) The new explosive gas regulations (ATEX).

b)  Pressure vessel regulations: Vacuum vessels are classed as pressure vessels and must be designed as such.

c) RAL codes of practice & safety policy including HSE & COSH regulations.

d) Work carried out to recognised Quality Control Systems.

Hazards specific to the engineering of the MICE experiment are discussed below.

Pressure Vessels (RALSC1 and others)

Pressure Vessels including Vacuum Insulated Cryogen Transfer Lines. (Designed to RALSC1, HSN8 and PED 97/23/EC).

At RAL a vacuum vessel is considered to be a pressure vessel and must be certified to BS5500 by an accredited professional engineer.  The certificate must state that the vessel meets the requirements of this code, RALSC1 were applicable, HSN8, PED 97/23/EC and is of a ‘sound engineering design’.  In addition, RAL must be satisfied that the vessel design, where required, includes adequate safety provision for loss of vacuum events caused by, for instance, a cryogen leakage, a superconducting magnet quenching, or the breaking of a vacuum window.

Documents detailing the design calculations for the vessel should be submitted for scrutiny along with the certificate.

Please note that metallic pipe work other than vacuum insulated cryogenic transfer lines should be designed to meet, as a minimum, the requirements of  BS807 and PED97/23/EC.

Hydrogen (RALSC1 – currently under revision & RALSC6)

Liquid Hydrogen is currently used on ISIS although the volumes are somewhat different from those expected for MICE. ISIS uses about 20L, MICE will use around 120L. 

RALSC1 lists hazards when working with liquid hydrogen:

· Exclusion of oxygen in air to <17%.

· Low temperatures

· Large Liquid to Gas expansion ratio.

· The wide range of flammable limits after vaporisation.

The most significant hazard from liquid hydrogen is an explosion (flammability in air:4-75%; detonation in air:18-59%). Cold surfaces can cryo-pump oxygen leading to a very hazardous situation with the potential for explosion. Care must be taken to cover the management of faults to ensure that a chain of events does not lead to an uncontrolled dangerous situation.
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The absorber design needs to take into account the lab rules (as expressed in RALSC1) which require steps (for example) to prevent the condensation of oxygen on any surface that could come into contact with a hydrogen leak. As an example, the ISIS liquid hydrogen moderator is surrounded by a vacuum which in turn is surrounded by helium layer to prevent the ingress of air in the event of a leak.  

Sources of ignition should be excluded from the hydrogen system. In particular, the RF system could be seen as a source of ignition.

Venting of hydrogen can take place through the roof although a chimney may be required to exhaust the hydrogen away from air conditioning intakes.

Igloos can be used around the hydrogen system which will be purged with nitrogen.

Inside the Igloos or other defined zones, the electrical equipment will have to be “intrinsically safe” and obtained from certified suppliers.

An assessment will be required on the consequences to ISIS of an explosion.

X-Ray and Radiation Shielding (HSN20)

The principle sources of radiation in the mice experiment come from the proton beam in the synchrotron and X-rays generated by the cavities. Shielding should be used to reduce levels to 0.5 Sv/hr in normally accessed areas.

Magnetic Fields (HSN9, NRBP)

Limits for the public: Stray magnetic fields in a normally accessed area must not exceed 0.5 mT(5G - pacemaker issues). 

Where work must be carried out in a magnetic fields, the following limits are used:

Partial body exposure (arms, hands  and feet: 2T  (20,000 gauss) for short periods (minutes); 0.2T (200mT/2,000 gauss) for long periods (hours). 

Exposure of whole body 0.2T (200mT/2,000 gauss) for short periods; 0.02T (20mT/200 gauss) for long periods.

Cryogenic Liquids 

See code RALSC10.

Radio Frequency Radiation

We have no documentation – refer to CERN safety note 9: irpa suggested SAR limits. RF is not expected to escape the cavities.

Beryllium

The use of Beryllium is covered (for example) by COSHH regulations.

COSHH = Control of Substances Hazardous to Health.

HSE  = Health and Safety Executive

