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Foreword

This Malaysian Standard was developed by the Technical Committee on Diagnostic and
Therapeutic Non-lonising Radiation under the authority of the Industry Standards Committee
on Medical Devices and Facilities for Healthcare.

Compliance with a Malaysian Standard does not of itself confer immunity from legal obligations.
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Site planning and installation of Magnetic Resonance Imaging (MRI)
system - Code of practice

1 Scope

1.1 This Malaysian Standard prescribes the recommendations, technical information and
minimum requirements related to site planning and installation of Magnetic Resonance Imaging
(MRI) facilities used for medical applications.

1.2 MRI system uses strong electromagnetic fields and radio frequency (RF) radiation to
translate hydrogen nuclei distribution in body tissue into computer-generated images of
anatomic structures. The system consists of a magnet, shimming magnets, an RF

transmitter/receiver system with an antenna coil, a gradient system, a patient table, a computer,
display monitors, and an operator console.

2 Normative references

The following normative references are indispensable for the application of this standard. For
dated references, only the edition cited applies. For undated references, the latest edition of
the normative reference (including any amendments) applies.

MS 2226:2009, Magnetic resonance imaging - Code of practice for safety

MS 2366, Guidance on the application of MS IEC 60364-7-710 for group 2: Medical locations

MS IEC 62366, Medical devices - Application of usability engineering to medical devices

MS IEC 62464-1, Magnetic resonance equipment for medical imaging - Part 1: Determination
of essential image quality parameters

DIN 6868-57, Image quality assurance in diagnostic x-ray departments - Part 57: Acceptance
testing for image display devices

3 Terms and definitions

For the purposes of this standard, the following terms and definitions apply.

3.1 MRI environment

Volume within the 0.5 mT (5-gauss) line of an MRI system, which includes the entire three
dimensional volume of space surrounding the MRI scanner. For cases where the

0.5 mT (5-gauss) line is contained within the Faraday shielded volume, the entire room is
considered the MRI environment.

© STANDARDS MALAYSIA 2015 - All rights reserved 1
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4 Abbreviations

MRI  Magnetic Resonance Imaging
PVC Polyvinyl Chloride

RF  radio frequency

5 Site consideration
5.1 General consideration

5.1.1 Selection of the proper siting of the MRI unit is very important and should be addressed
in the early conceptual planning stages of an MRI suite. When locating an MRI unit, the large
three-dimensional magnetic fringe fields shall be one of the major limiting factors in MRI
planning and site selection. These magnetic fields extend into space above, below and around
the magnet and introduce some basic problems which shall affect the functioning of the MRI
unit.

5.1.2 Consideration should be taken into account for the location and effective operation of
a variety of the medical facility instruments and devices that shall be affected by the magnetic
fringe field generated by the MRI.

Wall openings, door allowances, corridor widths, ceiling heights and floor loading tolerances
along the entire delivery route should be weighed during the planning stages.

5.1.3 Consideration should be given to the delivery route of the magnet and any rigging
equipment required to move the magnet during installation or if damaged due to a quench
(condition when superconductive magnet becomes resistive, due to a break or crack, thus
boiling off liquid helium).

5.1.4 Installation of MRl in operating theatre (OT) environment shall comply with all OT and
MRI requirements.

5.1.5 Positioning the center of the magnet is an important consideration for the quality of the
images due to their dependency on maintaining a constant, homogeneous magnetic field in the
center of the magnet. The main magnetic field can be distorted when large fixed ferrous
materials are present in the fringe field. Also, large moving masses, such as, elevators, carts,
stretchers, motor vehicles, lawn mowers, and other magnetic objects within the
0.1 mT (1-gauss) line field can produce static magnetic field fluctuations that distort the images.

For examples, multi-format equipment, remote console, computed tomography (CT) scanner,
ultrasound equipment, patient monitoring equipment, cathode ray devices, computers,
magnetic tapes, floppy discs, etc.

5.1.6 The MRI system shall be shielded from external sources of RF interference and
containment of the MRI RF signals. Penetrations into the gantry room should not reduce overall
MRI system performance. Engineering service should be contacted for specific design
requirements.

2 © STANDARDS MALAYSIA 2015 - All rights reserved
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5.1.7 Some manufactures shall require provisions for cooling their equipment which shall
include a chilled water supply line and a floor drain for flushing the system and/or a closed-loop
cooling system that uses distilled, deionised water, etc.

5.1.8 Heating, ventilation and air-conditioning (HVAC) equipment shall be located within the
0.3 mT (3-gauss) line area. Duct systems should be constructed from non-ferrous material such
as aluminum or PVC.

5.1.9 Soil pipes, floor drains, etc., of non-ferrous metal should be used in the control room,
computer/equipment room (technical room), and gantry room, for example PVC.

Smoke detection systems shall be provided and are required in the control area and
computer/equipment room (refer to relevant authority concerning fire protection requirements).

5.1.10 If provided, conductive connections for oxygen and medical vacuum in the gantry
room are to be made outside the 0.5 mT (5-gauss) line area. All lines within the
0.5 mT (5-gauss) line area should be non-ferrous materials. Alternatively, non-ferrous portable
equipment for oxygen and medical vacuum within the gantry area can be used.

5.1.11 Oxygen monitors/detectors with air ventilation mechanism shall be installed in the
magnet room of superconducting MRI systems to detect low levels of oxygen due to excessive
boil off of cryogen gases.

5.1.12 Electrical power supply for equipment, lighting and receptacles in the gantry room
should pass through line filters.

5.1.13 Incandescent light fixtures with a DC (direct current) lighting system should be
provided within the gantry room.

5.1.14 All light fixtures and receptacles located within the 0.5 mT (5-gauss) line field of
influence should be made from non-ferrous material. Aluminium or PVC conduit should be used
in lieu of steel conduit.

5.2 MRI Suite

5.2.1 Site selection and preparation for a clinical MRI installation require special
considerations. An appropriate foundation and structure, the effects of the surrounding
structures on magnetic field uniformity and the effect of the magnet’s fringe fields on other
devices should be considered (see Annex A).

5.2.2 The RF signals from the MRl installation can affect equipment in adjacent facilities and
electronic devices worn by patients in the MRI facility or nearby areas. Conversely, and more
likely, the RF radiation in the environment can have detrimental effects on the operation of the
MRI imager. There can also be consequences if more than one MRI system is located in the
same vicinity.

5.2.3 The magnet room is surrounded by RF shielding to prevent interference from outside
RF signals. The suite should be equipped with ‘MRI-safe’, ‘MRI-conditional’ or ‘MRI-unsafe’
equipment.

5.2.4 The MRI environment is used to describe the volume within the 0.5 mT (5-gauss) line

around the scanner, that is, the perimeter around an MRI scanner within which the static
magnetic field is higher than 0.5 mT (5-gauss) line magnetic field contour.

© STANDARDS MALAYSIA 2015 - All rights reserved 3
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A level £0.5 mT (5-gauss) line is considered a ‘safe’ level of static magnetic field exposure for
the general public as shown in Figure A.1 (see Annex A).

5.2.5 For magnet room located not on the ground, the 0.5 mT (5-gauss) line shall be at least

2.7 m measured from the floor below. The floor above shall be outside
0.5 mT (5-gauss) line as shown in Figure A.2.

6 Space requirements

6.1 Space requirements for an MRI suite shall be determined on the basis of the MRI
equipment selected and whether it shall be located in a ‘self-sustaining’ structure, attached or
separated from the medical facility, or within a medical facility.

6.2 A typical MRI suite comprises the following is shown in Figure A.3:

a)  magnet room;

b) technical room;

C) control room;

d) preparation/recovery area;

e)  changing room; and

f) patient toilet.

6.3 Other areas deemed necessary such as storage area, archive room, etc.

7 MRI suite design considerations
7.1  Work flow

7.1.1  Beyond the technical siting considerations for the MRI equipment, of principle
importance in the planning and design is the effective and efficient flow of patients, staff and
supplies to support maximum safe throughput (see Annex B).

7.1.2 Patients

Arrange reception, clinical and physical screening procedures sequentially. Identify and
‘quarantine’ all ferromagnetic materials. Provide transport, portable oxygen, and other supports
tested and labeled ‘MRI-safe’, ‘MRI-conditional’ or ‘MRI-unsafe’. Provide a single secured point
of access for successfully screened inpatients and outpatients. Provide spaces as
operationally/clinically indicated for post-screened patient holding, MRI magnet preparation and
sedation/anesthesia induction and recovery.

4 © STANDARDS MALAYSIA 2015 - All rights reserved
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7.1.3 Staff and administrative functions

Staff and administrative areas are to be located outside of patient traffic areas. Staff functions
shall be located within the department or in a convenient location shared with another
department (frequently with radiology service) though patient access should remain
segregated.

7.2 Zoning and screening

7.2.1 Site access restriction is an important component of MRl safety. The conceptual layout
of the suite is divided into four zones as shown Figures B.1 and B.2:

a) Zonel

This includes all areas that are freely accessible to the general public. This area is typically
outside of the MRI environment itself, and is the area through which patients, health care
personnel, and other employees of the MRI site access the MRI environment.

b) Zone ll

This area is the interface between the publicly accessible uncontrolled Zone | and the strictly
controlled Zones Ill and IV. Typically the patients are greeted in Zone Il and are not free to
move throughout Zone Il at will, but are rather under the supervision of MRI personnel. Itis in
Zone |l that the answers to MRI screening questions are recorded.

c) Zone lll

This zone is a controlled area in which the final screening including metal detection shall be
done before entering Zone IV. Access to Zone Il is to be strictly restricted. Access to regions
within Zone |l including Zone IV, shall be controlled by and entirely under the supervision of
MRI personnel.

d) Zone IV

This area is the MRI magnet room itself. Zone IV by definition, is always located within Zone I
as it contains the MRI magnet and its associated magnetic field which generates the existence
of Zone lll itself. Zone IV should also be demarcated and clearly marked as being potentially
hazardous due to the presence of very strong magnetic fields. The magnet area shall be
properly secured with locked entrances to keep out unauthorised persons and particularly to
prevent inadvertent introduction of potentially hazardous metallic objects.

7.2.2 Examples of signage for MRI suite zoning are shown in Figure B.3.

© STANDARDS MALAYSIA 2015 - All rights reserved 5
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7.3 Components of MRI suite

The components of MRI suite shall include main components and accessories as shown in
Table 1 and the MRI suite zoning (see Figure B.1).

Table 1. Components of MRI suite

Type of components ‘ Zone
Main components:
- magnet v
- patient couch v

- gradient power supply 1
- refrigerator/chiller system 1

- control console 11

- patient observation and communication v

- RF cails v
Accessories:

- injector v

- ventilator llland IV
- defibrillator llland IV
- patient monitoring system llland IV

- metal and ferrous detector 11
- workstation Il orlll

- image processor and printer 1
- QC tools v
Patient support:
- trolley 1]
- wheelchair 1

- infusion pump 1
- intravenous drip stand 1

- medical gases 1

- personal lockers 1
- patient bed 1

6 © STANDARDS MALAYSIA 2015 - All rights reserved
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8 Site requirements

8.1 General

All the site requirements shall be based on the manufacturers’ specifications.
8.2 Structure requirement

8.2.1 MRI magnet is a heavy item and varies from a permanent magnet system
(> 12 000 kg) to super conductor system of 1.5 T (> 5 000 kg) and 3.0 T (> 10 000 kg). Point
load to the floor shall be given a serious consideration. A structural report from a certified
structural engineer shall be provided.

8.2.2 Other consideration shall be taken into account is the whole weight of the RF cabin.
RF cabin material can be of copper which is lighter or galvanised iron (Gl). For a Gl shielded
cabin, the total load to the floor can be of the region of > 6 000 kg. Other than the RF cabin, if
there is a requirement to have magnetic shielding, an additional load of > 2 000 kg can be
expected.

8.3 5-gauss line

8.3.1 Particular attention should be paid to the 0.5 mT (5-gauss) line fringe fields since most
MRI facilities post 0.5 mT (5-gauss) line exclusion zone signage warning persons with
pacemakers and neuro stimulators not to enter the area bounded by the signs.

8.3.2 If the magnetic flux density in a given area exceeds 0.5 mT (5-gauss) line, it is
necessary to display warning signs and restrict access in accordance with statutory
requirements. The fringe field shall affect the functions of devices operated in the vicinity of the
magnet. To prevent interference, the magnetic flux density at the location of these devices shall
not exceed certain values. The flux density acceptable for these devices depends on a number
of different parameters. All pertinent information is available through the manufacturer.

Additional iron shielding is required, e.g. if the 0.5 mT (5-gauss) line shall be within the magnet
room walls, dynamic interferences are present, public areas shall be protected against the
0.5 mT (5-gauss) line fringe field.

8.3.3 The vendors shall inform the customer to protect the controlled access area
0.5 mT (5-gauss) line with the proper warning signs. All doors leading into the
0.5 mT (5-gauss) line area shall be identified/protected with a warning sign. The vendors shall
provide the customer with the position of the 0.5 mT (5-gauss) line based on, e.g. a table from
the planning guide that shows the distances or the customer site drawings that indicate the
0.5 mT (5-gauss) line.

The warning sign of ‘Cardiac Pacemaker’ is, e.g. for identifying the 0.5 mT (5-gauss) line. The
warning sign of ‘Strong Magnetic Field’ is, e.g. for identifying the entrance doors into the magnet
room or the 0.5 mT (5-gauss) line.

8.3.4 The siting of the magnet should be such that during operation neither external

influences affect the homogeneity of the magnetic field nor the safety of persons and/or the
functioning of sensitive equipment can be affected by the stray magnetic field.

© STANDARDS MALAYSIA 2015 - All rights reserved 7
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8.3.5 Magnetic field level warning signs in the control zone > 0.5 mT (5-gauss) line. If the
magnetic flux density in a given area exceeds 0.5 mT (5-gauss) line, it is necessary to display
warning signs and restrict access in accordance with statutory requirements.

8.4 Magnetic room shielding

A magnetic room shielding should be taken in account and calculated.

8.5 Noise emission

If required, noise reduction should be realised based on the noise emission values as specified.
8.6 Disturbances caused by the magnetic stray field

All devices and systems with functions, which can be influenced by an external magnetic field
should be taken into consideration. The maximum permissible magnetic flux density depends
on the sensitivity of each system component and should be cross-checked with the equipment
manufacturer, if necessary.

8.7 Disturbing influences on the magnetic field, causes and remedies

8.7.1 Static

Example of iron girders, reinforcements, especially beneath the magnet. Partially correctable
by shimming of the magnet and/or compliance with minimum clearances/maximum weights.

8.7.2 Dynamic

Example of moving ferromagnetic objects, electrical wiring, and transformers. Avoidable if
minimum distances are kept. Minimum distances depend on moving direction and magnet
orientation. If distances are not kept, manufacturer shall be contacted.

8.8 Site inspection

This inspection is exclusively concerned with the measurement of the magnetic and RF
interference and building vibrations.

8.9 Transport

Identify transport dimensions of magnet and cabinet (without transport devices and safety
distance).

8.10 Construction materials

To maintain magnet field homogeneity, the following specifications for materials are
recommended.

8.10.1 Floor
8.10.1.1 The floors should be poured slab on grade with fiberglass impregnated or epoxy-
reinforced concrete. Reinforcing bars or corrugated iron sheets should be avoided if possible,

especially within the 0.5 mT (5-gauss) line.The floor in the vicinity of the magnet and patient
table should be levelled within tolerance.

8 © STANDARDS MALAYSIA 2015 - All rights reserved
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8.10.1.2 External vibration or shocks affecting the magnet can degrade the image quality. In
the three spatial orientations the building vibration should not exceed the following specification
from (manufacturer) as example:

Building vibration specification:

amax= -80 dB(g) in the frequency range from 0 Hz to 70 Hz.

The requirement for amax is -80 dB(g) is measured as maximum r.m.s. value per frequency
component (resolution < 0.5 Hz) in the Fourier transformation of the recorded signal (spectrum).

8.10.2 Walls

The walls should be concrete with minimum steel reinforcement or constructed of wood with
standard nails, consistent with the national building code.

8.10.3 Electrical conduit

Electrical conduit of magnet isocenter should be PVC or aluminum. In any case, ferromagnetic
material shall not be used inside the magnet room, since it can inadvertently become a
projectile.

8.10.4 Plumbing pipes and drains

Pipes and drains within of magnet isocenter should be of nonferrous material such as PVC,
copper or brass. Ferromagnetic material shall not be used inside the magnet room.

8.10.5 Water installation

Manufacturer shall be referred when using chiller if no cooling water is available or using central
hospital cooling water supply or a local chiller is available. Water quality specification shall be
referred to manufacturer.

8.11 Environmental considerations

8.11.1 The temperature and humidity operation values for the magnet room, equipment room
and control room shall conform to the manufacturer requirements.

Example of heat dissipation of system components:
a) magnet room < 3 kW;

b) control room < 2 kW;

c) equipment room <5 kW; and

d) evaluation room <2 kW.

The air-conditioning system shall meet the specified conditions.

© STANDARDS MALAYSIA 2015 - All rights reserved 9
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8.12 Air filtering

In the equipment area, filter classification is to filter out dust particles > 10 um. For the MRI
magnet room, observe the statutory requirements.

8.13 HVAC

HVAC equipment shall be located outside the 0.3 mT (3-gauss) line area.

8.14 Transformers

The electrical distribution transformers shall be located outside the 0.3 mT (3-gauss) line area.
8.15 Floor concrete

The finished layer of floor concrete should not be poured until the specific MRI

magnet/computer system is chosen. Final cable requirements and associated ducts should be
specific to the particular type of system installed.

9 Superconducting magnet requirements
9.1 All the site requirements shall be based on the manufacturers’ specifications.

9.2 MRI quench pipe for cryogen exhaust should be aluminium ducting capable of
350 ftmin (9.9 m3/min), e.g. one 6 in (15.24 cm) and one 2 in (5.08 cm) nonmagnetic vent pipe
which is electrically isolated at the penetration points (see Annex C).

9.3 A loading dock platform should be accessible to the magnet room for delivery of liquid
helium/liquid nitrogen dewars. The loading platform should be placed beyond the
0.3 mT (3-gauss) line. Without a loading dock, a forklift truck shall be used for unloading the
dewars.

9.4 Any safety issues related to super conducting magnet shall be compliance with
MS 2226:2009.

10 © STANDARDS MALAYSIA 2015 - All rights reserved
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10 General siting concerns

10.1  Exit from the magnet room should allow for rapid patient removal from the magnetic
field to an area where patient monitoring and life support equipment will operate satisfactorily
in case a medical emergency occurs.

Physical access shall be provided to the room for placement of the magnet.

10.2 A metal detector shall be used to screen for any ferrous objects on patients and medical
personnel. Small ferrous objects can become dangerous projectiles in regions of high magnetic
field gradients.

10.3 RF shielding requires a minimum attenuation level as recommended by the
manufacturer.

10.4 Power supply

10.4.1 Mains power requirements are normally provided by the manufacturer.
Example as follows:

a) mains 3-phase, AC 415V £ 10 %, 50 Hz £ 1 %;

b) power connection value 110 kVA;

c) momentary power 125 kVA during measurement sequences < 5 s;

d) line to line unbalanced maximum 2 %; and

e) on-site circuit breaker minimum 160 A.

The installation shall be done according to statutory requirements currently in force in the
country.

11 Sockets in the magnet room

11.1  Hazardous conditions are created by the magnetic field when connecting devices made
from magnetisable material to the receptacles installed in the magnet room. The functionality
of electrical devices, e.g. servo ventilators, shall be affected by the magnetic field if the devices
are not suitable for this type of operation.

11.2  The user is responsible for the installation and use of receptacles in the magnet room
as well as for damages caused by the above mentioned use.

11.3  In addition, the on-site electrical system shall conform to Group 2, if life-supporting
systems reused in the magnet room (refer to MS 2366 and MS IEC 62366).

11.4  Sockets inside the magnet room should be connected through extra RF interference
filters and an insulation transformer if Group 2 is required.

© STANDARDS MALAYSIA 2015 - All rights reserved 11
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12 Room lighting in the magnet room

12.1  The magnetic field adversely affects the operating life of light bulb located in the
immediate vicinity of the magnet. The filament in the light bulb oscillates with the frequency of
the power supply.

12.2 It is therefore recommended to connect light fixtures in the vicinity of the magnet to a
DC voltage supply. If room lighting is supplied with DC voltage, correct polarity of the sockets
should be ensured during their installation. Residual AC ripple should be < 5 %. Phase light
dimmer should not be used (see Annex D for the checklist on design of MRI installation).

12.3 DC-lights are recommended to be installed inside the examination room. Fluorescent
lighting and energy saving lighting shall not be installed inside the examination room.

12.4 Intensity of illumination

12.4.1  The most important factors with respect to good lighting are the brightness level and
light density which should result in reflection-free presentation and uniformity. Those
parameters shall be adjustable.

12.4.2 The room lighting fixtures should be divided into groups so that they can be adjusted
to daylight conditions.

The planning of the illumination and position of, e.g. monitors, should be performed in reference
to DIN 6868-57 (Germany) or other country related codes and guidelines.

Example of reference to DIN 6868-57, the illumination in rooms equipped with, e.g. monitors
for diagnoses, should fulfill the following requirements:

a) adjustable;
b) non-dazzling;
c) reproducible adjustment of the illumination density; and

d) no reflections from windows, lamps, display cabinets in the normal operation position, e.g.
of the monitor.

13 Quality control (QC)

13.1  During the testing and commissioning (TNC) the quality control shall be done according
to the manufacturer requirement. The user shall witness the QC test. The QC test results shall
be verified.

13.2  All QC measurements whether at acceptance test levels or on a regular basis should
be undertaken using good quality test objects. If using the manufacturer’s own test objects, MRl
units should ensure that these are testing to a known level and that the results will allow trends
to identify levels for action before image quality is compromised.

Please refer to MS IEC 62464-1 and ACR MRI Phantom shall be used for QC test.

13.3  For quality assurance (QA) programme, refer MS 2226:2009.
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Figure A.1. An overview of magnetic field fringe line

© STANDARDS MALAYSIA 2015 - All rights reserved

MS 2652:2015

13






2015

MS 2652

pi1oy abuly ondubew Jo MIIA [BUOIIO3S SSO0ID [eidleT] gy ainbi4

e e AR R SRR L TR, A i i e ¢ 1 e % A

saJjowijjiw Ul suoisuawiq

1A

ngr v

© STANDARDS MALAYSIA 2015 - All rights reserved

14






MS 2652:2015
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Figure A.3. Typical layout of MRI suite
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Annex B
(informative)

MRI suite zoning

_ Safety
Outpatient entrance Zone |

—> Toilet |
—hl Patient interview |
—i-| Changing/Gowning |
Inpatient Safety
entrance Zone I
Patient screening
|
Ferromagnetic detection
|
Secured patient access
Curtained
preparation/ Safety
Bed holding Zone lll
Control room Passage Technical
» Ferromagnetic Detection
3
MRI Scanner Room ;:;Z“IIV

Figure B.1. Work flow of MRI functional diagram
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Contriolle

o

I

O

MR Controlled Area

Figure B.2. Example of controlled area in MRI suite
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ZONE 1l
AMARAN

UNTUK KESELAMATAN ANDA

DILARANG MASUK

KECUALI DIBENARKAN OLEH STAF MRI

WARNING

FOR YOUR OWN SAFETY

DO NOT ENTER

UNLESS AUTHORISED BY MRI STAFF

Figure B.3. Examples of signage for MRI suite zoning (continued)
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12 in (30.48 cm)

BAHAYA

DANGER

Amaran

Warning
Medan Magnet Tinggi
Strong Magnetic Field

Amaran
. Warning
(45.72¢cm) Sinaran Tak Mengion

Non lonising Radiation

Dilarang Masuk
Tanpa Kebenaran
No Unauthorised Entry

Individu Yang Memakai
Perentak Jantung Tidak Dibenarkan Masuk

Person Fitted With
Pacemaker Must Not Enter

Pelekap Telinga Mesti Dipakai
Apabila Mesin Beroperasi
Ear Protection Must Be Worn
When The Unit Is Operated

Figure B.3. Examples of signage for MRI suite zoning (continued)
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9in (22.86 cm)

| @L‘ BAHAYA!
DANGER!
(1016 cm) Magnet Berkuasa Tinggi Sentiasa

Beroperasi
Powerful Magnet Always On

ZON BAHAYA TAMAT
END OF
DANGER ZONE

Figure B.3. Examples of signage for MRI suite zoning (concluded)
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Annex C
(informative)

MRI quench pipe

C.1 Quench pipe

Superconducting MRI systems typically have cryogen exhaust systems that are activated in the
case of a quench. In the event of a quench, the thermal energy dissipated causes an extremely
rapid boil off of the liquid helium. The system should be capable of venting the large volume of
gas generated at the approximate expansion ratio of 1:700 from liquid at 4.2 K to room
temperature gas.

The exhaust system is critical for the safe operation of the magnet, and the guidelines set out
in this section should be followed. Since helium vented in a quench is an asphyxiant and an
extremely cold gas, the quench line should always end at a point where access by people is

not possible.

It is the responsibility of the user of the MRI system to ensure that the quench pipe is maintained
in an operable state.

The material of the quench pipe contracts after a quench. To allow for subsequent material
expansion, include an expansion margin for the RF-sealed wave trap of the quench pipe.

C.2 Safety notes

Risk of asphyxiation: Failure to observe the following shall result in dizziness and loss of
consciousness.

a) Do not vent helium gas directly into the magnet room (see Figure C.2).

b) Do not vent exhaust gas from the quench line into an enclosed space (see Figure C.2).
c) The operator of the MRI system should prepare an ‘Emergency-Plan’.

d) Planning and installation of quench lines should be conducted by qualified personnel.

e) Components used for other tubing, e.g. in air-conditioning or room venting, are not suitable
for quench line construction.

f) Pressure release should be in accordance with 6.4.8 of MS 2226:2009.
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C.3 Quench line design rules
The quench line design rules are as follows:

a) The design and construction of the quench line should be documented in drawings and
calculations, and kept with the ‘System Owner Manual’.

b) The quench line and all its elements should be designed to withstand a pressure that is
recommended by the manufacturer, including type of material, size and thickness.

c) The outlet of the line should be fitted with a suitable end component to prevent ingress of
rain, snow, and foreign objects.

C.4 Quench pipe outlet

C.4.1 To avoid the risk of injury from cold burns and asphyxiation, access to the quench line
should be restricted:

a) to 3 mfrom each side and below;

b) to 6 m vertically above the outlet;

c) tonolessthan 5 m above sidewalks; and

d) by a clear warning sign fixed next to the outlet and the quench line should be thermally
insulated along its full length inside the building, conforming to statutory requirements for

fibrous insulation materials.

C.4.2 The fully insulated quench line should be marked along its length with a warning tape
stating its function. Examples of signage are shown in Figure C.1.

Warning
Vent Pipe for extremely cold helium gas
Only authorised personnel to work on vent

Figure C.1. Examples of signage for quench pipe
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C.4.3 The horizontal outlet should not be situated where, in case of a quench:
a) helium gas could be drawn into an air inlet;
b) helium gas could enter open windows; and

c) cold gas should not blow directly onto a window.
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Figure C.2. Outside requirement for quench line outlet position
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Annex D
(informative)

Checklist on design MRI installation

The following conditions are to be considered in designing an MRI imaging facility. The list of
functional areas can be used as the basis for estimating the area necessary once the functional
requirements of a particular site are known.

D.1  Functional areas

D.1.1 The first group is normally required for an MRI imaging facility which consists of:

a) scanroom;

b) control room;

c) computer equipment room (include RF equipment and power supplies);

d) reading room (include physician’s console); and

e) cryogen storage.

D.1.2 The second group is required to be adjacent to the MRI imaging facility but some areas
can be shared with other imaging services when necessary or when joint space can be
designed properly. The facility should include:

a) film processing;

b) quality control and service;

c) patient preparation, recovery and emergency procedure area;

d) patient reception and waiting area;

e) stretcher holding area;

f) storage (supplies, magnetic tapes, film, etc.);

g) wash rooms;

h) soiled utility; and

i) clean utility.
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D.1.3 The third group lists additional functions, likely to be required, which can be both remote
from the MRI imager and shared with other services in extenuating circumstances, with the
following facilities:

a)
b)
c)

d)

secretarial and transcription services;
conference area;
additional storage (film library, magnetic tapes, DVD-R/RW); and

offices.

D.2 Construction and access considerations

The following should be considered prior to construction:

a)

b)

9)

equipment transportation, unloading and installation access;
floor loading (including access routes);

floor levelness;

ceiling heights (especially magnet room and access route);
access for cryogens;

cryogen venting (normal and quench); and

controlled access to facility and well-controlled access to magnet room.

D.3 Protecting magnetic field homogeneity

The following should be considered to ensure homogeneity:

a)

location and amount of steel shielding;

other structural iron and steel;

large ferrous structures or objects;
symmetrical location of ferrous structures; and

moving ferrous objects (e.g. elevators, lift trucks and vehicular traffic within and outside the
building).

D.4 Protecting surrounding environment from magnetic fields

A three-dimensional survey of magnetically sensitive devices and equipment should be
undertaken. Tolerable distances from the center of the magnet will depend on magnet field
strength and shielding design. Use the field strengths as a guide.

26
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D.5 Radio frequency shielding

Design appropriate RF shielding based on a site survey according to the manufacturer’s

specifications. Avoid light dimmers and fluorescent lighting ballasts within the magnet room.

D.6 Facility environment

The following requirements should be considered:

a)

electrical supplies: voltage, current and phases;

air-conditioning: general area and computer room (temperature, humidity and filtration);
water supply and floor drains: include sink for phantom filling and draining;

chilled water supply: temperature, flow rate and tolerable temperature fluctuation;
personnel protection: establish controlled areas and metal detection routines;

fire detection and safety: no sprinklers, non-ferrous extinguishers;

telephone service: separate lines for operator, physician and service personnel

(near computer); and

housekeeping: no ferrous cleaning tools or supplies.
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