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In addition to this handout, the optional video below should be viewed.

https://medicine.yale.edu/mrrc/users/GEMRI.aspx

Overview

The operation of the storage ring magnet of the Muon g-2 experiment presents many
potential hazards. This document is intended to inform you of the potential hazards you
may encounter when working in the Magnetic Region (MR) and the precautions to take
to prevent unsafe situations. Please read the entire document, watch the video and
complete the online quiz. This hazard awareness training is mandatory for all personnel
intending to work in the MC-1 Magnetic Region under MR-CLOSED conditions. It is valid
for one year.
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Introduction

Ferromagnetic materials in the proximity of a magnetic field have the potential to become a
projectile and thus potentially become hazardous and cause damage to individuals and
equipment. The impact of a ferromagnetic object on the g-2 storage ring can cause a very
sudden change in the magnetic field and a subsequent rapid quench of the magnet. In this
training you will become familiar with:

e The definition of the magnetic regions (MRs) inside the High-Bay (HB) area and the access
restrictions associated with them.

e The administrative controls and labelling associated with the use of ferromagnetic items.

e The procedures that need to be followed to perform work in the MRs.

Magnetic Regions (MRs)

The region where there is a potential hazard from the g-2 magnetic field is defined as the:

MR Controlled Access Region. This starts at the top of the stairs to the storage ring. It does
not include the regions outside of the ring e.g. walkways, laser hut, kicker corner, tracker gas
panels etc. The region of the MR Controlled Access Region where the magnetic field can be
above 0.5mT (5 G) is defined as the MR Environment and this covers all areas beyond the
false- floor towards the muon-storage region. Approximately one meter beyond the start of the
MR Environment, i.e one meter off the false-floor towards the muon-storage region,
ferromagnetic materials have the potential to become projectile when the field is on and this
defines the MR Projectile Zone. The top of the storage ring is also part of the MR Projectile
Zone.

Additional rules will be applied for all g-2 work within the MR _Controlled Access Region and
more restrictive practices will be enforced for work in the MR _Environment. No additional rules
will be applied to the MR Projectile Zone, i.e. the most restrictive rules cover the whole MR
Environment.

Magnetic States: MR-OPEN, MR-CLOSED

The access restrictions to the MRs and use of ferromagnetic materials will differ depending on
which of the two defined states the experiment is in: MR-OPEN or MR-CLOSED and the region
they will be used in. The MR-CLOSED state is defined by the condition that the power supply
for the storage-ring magnet is unlocked and the field is on or has the potential to be turned on.
The MR-OPEN state is defined by the condition that the power supply is locked-out and the field
is off with no potential for it to be turned on. In the transition between the two states, specific
procedures will be carried out that include a check for the presence of loose ferromagnetic
materials in the MR Environment when switching from MR-OPEN to MR-CLOSED.
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Storage, Labelling and Use of Ferromagnetic Material

No loose ferromagnetic materials are permitted to be permanently stored within the MR
Controlled Access Region. Ferromagnetic materials required for the operation of the experiment
can remain on the false-floor as long as they are secured e.g. within a rack.

Non ferromagnetic materials are labelled with a MR-SAFE sticker shown in Fig.1. MR-SAFE
objects routinely used for operations are stored in the only storage cabinet on the false-floor that
is used to store MR-SAFE and only MR-SAFE objects. Any objects not labelled MR-SAFE must
be assumed NOT TO BE MR-SAFE.

Fig.1: The label used to denote that an object is MR-SAFE i.e. that it can be used in the MR Environment
under MR-CLOSED conditions or stored in the single storage cabinet on the false-floor.

In the MR-CLOSED state, work within the MR-Environment can only be undertaken with MR-
SAFE objects. Any objects already in the MR-Environment that are secured and that are not
labeled MR-SAFE cannot be loosened and removed as they could become a projectile. The use
of loose ferromagnetic objects is restricted to the false-floor area and no loose ferromagnetic
object can remain on the false-floor after work has been completed. Any work requiring non MR-
SAFE objects e.g. DVMs, oscilloscopes in the MR _Environment can only be performed in the
MR-OPEN state.

Access Control

A gate at the top of the stairs defines the point of entry to the MR Controlled Access Region.
This gate will be locked in the MR-CLOSED state and a key to the gate (MR-KEY) can only be
issued by the operator, run-coordinator or one of the ops-managers. MR-KEYs will only be
issued to personnel who have passed this (MC1 MR-Hazard Awareness) training, all other
trainings required to work in MC-1 and the HB area, and who have a run-coordinator approved
work request in the elog. A High-Bay key (HB-KEY) or, if in controlled access, a controlled-
access key is also required. The run-coordinator will also verify that those performing the
approved work have signed the appropriate JHA and that this has been signed within the last
month (or if the JHA has changed) or that an appropriate verbal JHA has been undertaken. Keys
must be returned once the access or job is completed.
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In the MR-CLOSED state, in addition to the locked gate at the top of the stairs, the edge of the
false-floor has chains and signage indicating that beyond the false-floor there is a MR-
Environment.

Job Control

To perform any work in the MR-CLOSED state in the MR Controlled Access Region requires a
work-request to be posted in the elog and approved by the run-coordinator. Depending on the
nature of the work, the run-coordinator may also require a verbal discussion of the work and will
determine whether a written or verbal JHA is required for the work. All work within the MR
Environment in the MR-CLOSED state requires a written JHA and must be completed with at
least two people present. The run-coordinator checks that if the work requires an ORC that the
ORC has been approved and that the written JHA for the work has been signed, by those
performing the work, in the last month or if it has changed.

Logging and frisking of Items in the MR

All items brought into the MR Controlled Access Region must be logged. In the MR-CLOSED
state, no loose ferromagnetic items can remain in the region and all ferromagnetic items must
be appropriately secured. In this state any work performed in the MR Environment can only be
conducted with MR-SAFE labelled materials. If a new (unlabelled) tool is required then it must
be magnetically frisked by two people and if determined to be non-ferromagnetic labelled as
MR-SAFE before it is used in the MR Environment. If the permanent magnet at the frisking
station sticks to an object, then it should be considered unsafe for use in the MR Environment
and the Run Coordinators should be notified and consulted on how to plan the work. The frisking
magnet needs to be able to touch all components of an object to pass the test. Composite
objects that cannot be checked internally, like oscilloscopes, multimeters, and other more
complex equipment, should be considered unsafe.

Material logging is also enforced in the MR-OPEN state to ensure that only items required for
operations or maintenance remain in the MR Controlled Access Region : either secured if loose
and ferromagnetic or in the single cabinet if MR-SAFE.

The logging records a description of items brought into the MR Controlled Access Region. This
details what will permanently remain and what will not and the magnetic properties of the items
remaining. Logging is performed using a notebook at the top of the stairs just prior to the gate.
The run coordinator will review these entries to ensure that the only remaining items MR
Controlled Access Region are those required for operations or maintenance.
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X-Ray Radiation Hazard

In the MR Environment there is also potentially an X-ray radiation hazard when the kickers and
quadrupoles are pulsing and glass vacuum flanges are being used or if the calorimeters in the
vicinity of the quads or kickers are retracted. This hazard is mitigated to safe levels by the use
of bespoke aluminum shielding around the glass vacuum flanges and scallop shielding before
the retracted calorimeters. These shieldings cannot be removed and the calorimeters retracted
without authorization from the run-coordinator.

Summary

When access is in the MR-OPEN state:

Run coordinators (or Operation Managers) have locked the PS with a configuration
control lock so that it cannot be powered.

The gate at the top of the stairs is open and an extra MR-KEY is not needed to access
the inside of the ring.

The yellow chains and additional magnetic field warning signs at the edge of the false-
floor are taken down to indicate there is no longer a field hazard.

Ferromagnetic materials being brought into the ring should still be logged upon entry at
the top of the stairs.

Ferromagnetic items can be used in the region between the edge of the false-floor and
the magnet (or on top of the magnet).

When access is in the MR-CLOSED state:

Configuration control locks have been removed from the magnet PS and it is either
powered or has the potential to be turned on.

The gate at the top of the stairs has been locked and an MR-KEY is now required to
descend the stairs into the ring.

Yellow chains and warning signs are in place at the perimeter of the false-floor indicating
a field hazard is present. Ferromagnetic items should not be used in the MR Environment
region beyond the false-floor or on top of the magnet.

Ferromagnetic materials must be logged and can only be used on the false-floor region
and must be removed when the work is finished.

Work in the MR Environment (beyond the false-floor or on top of the magnet) must only
be performed with tools that have been clearly labeled MR-SAFE.

Any materials needed for the job must be frisked to show they are non-magnetic. If the
magnet at the frisking station sticks to a material, then it should not be taken into the MR
Environment.

It should be noted that composite objects, like oscilloscopes and multimeters, or any other
object that has the potential to have ferromagnetic parts on the inside that cannot be
directly checked should not be used in the MR Environment.
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