Site Planning for
AVANCE Systems

750-950 MHz
User Guide

Version 002




The information in this manual may be altered without notice.

BRUKER BIOSPIN accepts no responsibility for actions taken
as a result of use of this manual. BRUKER BIOSPIN accepts
no liability for any mistakes contained in the manual, leading to
coincidental damage, whether during installation or operation of
the instrument. Unauthorized reproduction of manual contents,
without written permission from the publishers, or translation
into another language, either in full or in part, is forbidden.

This manual was written by
Razvan Theodorescu
This manual was desktop published by
Stanley J. Niles
© August 11, 2006: Bruker Biospin GmbH
Rheinstetten, Germany

P/N: 231686
DWG-Nr.: 1393002



Contents

1.2
1.3

2.1
2.2

2.3

2.4

2.5
2.6

3.1
3.2
3.3
3.4

4.1
4.2
4.3
4.4
4.5

User Guide Version 002

CONTENTS i 3
INtrodUCTiON oo 7
INTrOAUCTION .ieie e 7
How to Use This Manual .........c.cccoviiiiiiiiiiiin, 8

Units Used Within This Manual .............ccccoiiiiiinn. 8
Warnings and NOtES .......ccvviiiiiiiiiii e 10
Contact for Additional Technical Assistance ....................... 10
SATELY e 11
INTrOAUCTION L.iee e 11
The Magnetic Field ..., 11
EXCIUSION ZONE oiiiiiii i 11
SECUMLY ZONE ooiiiiiiiiiiie e 12
Standards on Health and Safety in the Workplace .......... 12
Ventilation ... 13
Regular Ventilation ..........ccocoiiiiiiiii e, 13
Emergency Ventilation ............coooiiiiiiii, 13
OXYQEN SENSOIS .ot 14

Safe Handling of Cryogenic Substances .............cccceevvnnn. 14
Refill of Liquid Nitrogen .......ccovvvviiiiiiiireie e 14

Refill of Liquid Helium ..., 14
Earthquake Safety ......ccooiiiiiii 16
Country-specific Safety Regulations ............ccccoviiiiiiinans. 16
EqQUuIipment ... 17
INEFOAUCTION .uiieii e 17
Superconducting Magnet Components ...........ccoeevvvveneenennnn. 17
Console, Monitoring & Control Unit ...........cccooviiiiiiiiiennns. 18
CryoProbe System (Optional) ........coooviiiiiiiiiiiiies 21
Magnet Access and Rigging ....cocoevvviiiiiniininnnnn. 23
INTFOAUCTION .uiiiii e 23
Off-loading 0N Site .....ovvienii i 24
Access to the NMR ROOM ..., 25
Magnet Transport Weights ..o, 26
Rigging EQUIPMENT ..o 27
Ceiling Height Requirements .........cccccovvvvinninnnnn. 29
INTrOAUCTION L. 29
BRUKER BIOSPIN 3



Contents

7.1
7.2
7.3
7.4
7.5
7.6
7.7
7.8
7.9
7.10

8.1
8.2

8.3

8.4

9.1
9.2
9.3

Magnetic Stray Fields .........coooviiiiiiiiiiiee, 33
INEFOAUCTION ..oiviiiie e 33
Floor Plan ..o 43
Size and Mass of Equipment ..o 43
Magnet LOCAtION ......c.iiuiiiii e 45
Magnet SIab ..o 46
Magnet Platform ........coooviiii 47
Sample Changer Considerations ...........ccoccovvieiiviiieinnennnnn. 48
Magnet PUMP LINE ... 48
Magnet PitS ... 49
Maximum Field Strengths for NMR Equipment ................... 50
Worktable POSItioN .......ccooviiiiii 51
Layout EXamples ....oooiiiiiiii e 51
Environment and Site Survey Measurement ....... 57
INTrOAUCTION et e 57
ViIDFatioNS ...oeie e 57
Vibration GUIdeliNeS ......c.ovuiiiiiiiiiiii 58
Vibration Damping MEASUIES ........covevviieeniieieeniiiieenieans 58
Magnetic EnVIironment .......coooeiiiiiiiiiii e 59
Minimum Requirements .........ccooviiiiiiiiiiiiee e 59
Static Iron Distribution ... 59
Moveable Magnetic Material .............ccooevviiinnnnnnn. 59
Acceptable Environment .........coocoiiiiiiii 60
Static ObJECES ovviii i 60

60

Moving ODJecCts .....cccoviii 60
Electromagnetic Interference ..........cocoveiiiiiiiiiiiin . 61
Types of EMF Interference .........ccocooviiiiiiiniinnennnn. 61

DC EMF Interference .......cooeeevviiiiiiiiiee e 61
Measuring DC Fluctuating Fields .............cccccoveenni. 61
Reducing DC Interference ............coccovviviiviiiiiinnennns 61
Guidelines: DC Interference .........ccoooveeiiiiiiininnenn. 62

50/60 Hz EMF Interference .........coocooviiiiiiiiiiiiiiiiiiin, 62
Measuring 50/60 Hz Fluctuating Fields .................. 62
Guidelines: 50/60 Hz Interference ........ccc.cccoveennneen. 63

RF INterference ......cooooiiiiiiiii e 63
Measuring RF Fluctuating Fields ..............c.coceenii. 63
Guidelines: RF Interference .........ccccoviiiiiiiiiinnennn. 63
Reducing RF Interference ..........coocovviiiiiiiiineennnn. 63

Utility Requirements ........cooooviiiiiiiiiiiieeee 65
Electrical Power RequIrements .......ccocovevvieiviiieiniiineeneine, 65
TelecomMmUNICAtiON .......couiiiiiiii e 66
CoMPreSSEA GAS ...vviiiiiiiii e 67
General Requirements ........coccooeiiiiiiniiiiineeeeeennn 67
Compressed Gas OPtioNS .........ccovvviveiiiiiiiiiiiee e 67
Option 1 (preferred): ....coveeiiiiiii e, 67

OPLION 2. o 67

BRUKER BIOSPIN User Guide Version 002



9.4
9.5
9.6
9.7
9.8
9.9

10

10.1
10.2
10.3
10.4
10.5

User Guide Version 002

Contents

Option 3 (not recommended unless exclusive use of a

CryoProbe is expected) .....oovevviiiiiiiiiii e 67

N Ot it 67

Gas Requirements FOr ACCESSONES ...ocovvvviviiiiiieniinaanannns 68
Compressed Gas Specifications ............ccooeiviiiiiiiiineenn. 68

Oil Content: ..o 68

Water CONTENT ..o e 68

Solid IMPUILIES .o 68

AIT COMPIESSOIS wuvtiiiiiiiieei ittt e e e e eans 69

AT L= PP 70
Lighting oeeeee e 70
HVAC (Heating Ventilation Air Conditioning) ...................... 71
Fire Detection System and Fire Extinguishers .................... 72
Emergency Gas Exhaust ........ccocovviiiiiiiiiiiie e 72
Oxygen Monitor and Level SENSOrS ......ccoccovvvvviiiiiveiiiiinennnns 75
Installation .......cooiiiii 77
INTrOAUCTION ..t 77

L@ A= =P 77
ACCESSIDIILY ovviiii 78
Checklist of Installation Requirements ..........ccccovvvvenvinnn. 78
Installation Procedure ..........oooiiiiiiiiiiiiii e 79
Magnet ASSEMDIY ..o 79
Magnet Evacuation and Flushing with Nitrogen Gas ....... 79
Cooling the Magnet to Liquid Nitrogen Temperatures ..... 79
Cooling the Magnet to Liquid Helium Temperatures ........ 80
Sub-cooling and Charging the Magnet ........................... 80
FIQUIES e e 83
Tables oo, 85
INAEX e 87
BRUKER BIOSPIN 5



Contents

6 BRUKER BIOSPIN User Guide Version 002



Introduction

Introduction

1.1

The fundamentally superior precision of fully digital signal generation and pro-
cessing was introduced and established by the precedent-setting series of Bruker
BioSpin AVANCE™ NMR spectrometers. With its digital advantage, the AVAN-
CE™ series set revolutionary standards for performance, long-term reliability and
ease-of-use, whether for routine applications or the most demanding research.

The next-generation Avance Il NMR spectrometer series features a second-gen-
eration digital receiver technology (2G-DR™), a new milestone in NMR detection
fidelity. The 2G-DR provides significant benefits for the most demanding NMR ap-
plications, e.g., materials science, polymer analysis, trace analysis, LC-NMR, MR
imaging and structural biology, particularly for measurements with ultrasensitive
CryoProbes™.

Through its advanced modular design the AVANCE Il can be optimally configured
for any modern application: from classical analytical work to the most demanding
structural proteomics; from high-throughput screening to high-power solids NMR
to microimaging. The AVANCE Il can be delivered in a variety of configurations,
ranging from a minimum-footprint microbay system up to a three cabinet instru-
ment fully equipped for high power solids NMR with four or more channels.

Site planning requirements for Avance and AVANCE Il are identical, so in this
manual they will be referred to as simply AVANCE systems.

Recommendations regarding site planning are based on the experience gained
by Bruker BioSpin engineers through the years. Every effort has been made to
make the site requirements realistic and readily achievable. It must be stressed
however, that the figures quoted are only recommendations. Likewise, any
performance values that are used are minimum values that should be readily
achievable by every system. Predicting NMR performance is complicated by the
fact that every site is unique. This manual has been written to help you plan the
site, but it carries no guarantee of ultimate NMR performance.

While every effort has been made to ensure the information contained here-
in is accurate, Bruker BioSpin accepts no liability for consequential loss or
damage arising from its use. Specifications are subject to change without
notice and where a value (e.g., ceiling height) lies close to a recommended
minimum value you are advised to check with Bruker BioSpin before final
delivery

User Guide Version 002 BRUKER BIOSPIN 7 (93)



Introduction

How to Use This Manual 1.1.1

This manual contains information about site planning and preparation prior to de-
livery of a Bruker BioSpin AVANCE system. After reading this manual you should
have enough information to make an initial decision as to whether a proposed site
is suitable for locating an AVANCE spectrometer and magnet. The manual should
be read through carefully as mistakes made initially may be costly to remedy at a
later stage.

The systems covered by this manual are AVANCE spectrometers in the range of
750-900 MHz. A separate manual is available for 300-700 MHz systems.

If you are considering a CryoProbe system be sure to request a copy of our latest
CryoProbe System Site Planning Guide.

If you are considering a LC-NMR/MS system be sure to request a copy of our lat-
est LC-(SPE)-NMR(/MS) Site Planning Guide.

The chapters within this manual deal with various points that need to be consid-
ered for successful system operation. They have been included to familiarize you
with general principles of successful site planning.

If you have a specific question, try using the "Contents" or "Index" section of this
manual.

For specific questions that may not be addressed in this manual, or for further in-
formation on a topic, do not hesitate to contact your local Bruker BioSpin office.

Units Used Within This Manual 1.1.2

The Sl Unit Tesla (mT) is used throughout this manual whenever magnetic field
strengths are discussed. Some readers may however be more familiar with the
Gauss (G) Unit.

For comparison the conversion fact is: 1mT=10G

Likewise the unit kilowatt is used for the measure of heat energy (e.g. amount of
heat generated by a device per hour). Some readers may be more familiar with
these measurements in BTU/hour:

For comparison the conversion factor is: 1 BTU/hour=0.000293 kW.

(BTU = British Thermal Unit which is the required heat to raise 1 pound of H,O by
1 degree Fahrenheit).

Whereever possible both the metric and American (North and South) measure
units have been used throughout this manual. In most cases the weights and
measures have been rounded upwards where necessary. The following table of-
fers the common metric to American conversion factors used in this manual:

8 (93) BRUKER BIOSPIN User Guide Version 002



Table 1.1.

Measure

Metric Units

Metric to American Conversion Factors

American Standard

Introduction

Conversion Factor
(rounded to nearest

Sl hundredth)
Linear meter (m) feet (ft.) 1m=3.28ft.
centimeter (cm) inch (in.) 1m=39.37in.
1cm=0.394in.
Distance kilometer (km) mile (mi.) 1 km = 0.62 mi.
Area square meter (m?) square foot (ft?) 1 m?=10.76 ft?
Volume cubic meter (m®) cubic foot (ft3) 1m3=235.32 1t
liter (1) quart (qt.) 11=1.06 qt. (liquid)
Weight kilogram (kg) pounds (Ibs.) 1kg.=2.21 Ibs.
Pressure bar pounds/square inch (psi) 1 bar = 14.51 psi
atmosphere (ATM) 1 bar = 0.99 ATM (stan-
dard)
Flow (e.g. gas flow) cubic meter/minute cubic feet/minute (ft3/ 1 m3/min. = 35.32 ft3/
(m3/min.) min.) min.
Temperature degree Celius (°C) degree Fahrenheit (°F) F=Cx18+32

Table 1.2.

Conversion From

Temperature Convesion Formulas

To

Formula

degree Celius (°C)

degree Fahrenheit (°F)

F=Cx18+32

degree Fahrenheit (°F) degree Celius (°C) C=(F-32)/18

degree Celius (°C) kelvin K=C +273.15

kelvin degree Celius (°C) C=K-273.15

degree Fahrenheit kelvin K=(F+459.67)/1.8

kelvin degree Fahrenheit F=Kx1.8-459.67

User Guide Version 002 BRUKER BIOSPIN 9 (93)



Introduction

Warnings and Notes 1.2

There are two types of information notices used in this manual. These notices
highlight important information or warn the user of a potentially dangerous situa-
tion. The following notices will have the same level of importance throughout this
manual.

Note: Indicates important information or helpful hints

WARNING: Indicates the possibility of severe personal injury, loss of life or
equipment damage if the instructions are not followed.

Contact for Additional Technical Assistance 1.3

For further technical assistance concerning site planning, please do not hesitate
to contact your nearest BRUKER dealer or contact us directly at:

BRUKER BioSpin GMBH BRUKER BioSpin Corporation
Silberstreifen 15 Fortune Drive

D-76287 Rheinstetten Billerica, MA 01821-3991
Germany USA

Phone: +4972151610 Phone: +1 (978) 667-9580
FAX: +49721517101 FAX: + 1 (978) 667-0985
E-mail: service@bruker-biospin.de E-mail: magnetics@bruker.com
Internet:  www.bruker.de Internet:  www.bruker.com

10 (93) BRUKER BIOSPIN User Guide Version 002



Safety

Introduction

2.1

These safety notes must be read and understood by everyone who comes into
contact with superconducting NMR Magnet Systems. Proper training procedures
must be undertaken to educate all people concerned with such equipment about
these requirements. It is essential that clear notices are placed and maintained to
effectively warn people that they are entering a hazardous area. Please refer to
Bruker Biospin’'s General Safety Considerations for the Installation and Op-
eration of Superconducting Magnets, attached at the end of this manual or
available from Bruker BioSpin.

The Magnetic Field 2.2

Exclusion Zone

Since the magnetic field of the NMR magnet system is three dimensional, consid-
eration must be given to floors above and below the magnet, as well as to the sur-
rounding space on the floor the magnet resides on. The magnetic field exerts
attractive forces on equipment and objects in its vicinity. These forces, which in-
crease drastically approaching the magnet, may become strong enough to move
large equipment and to cause small objects or equipment to become projectiles.

The magnetic field may affect the operation of electronic medical implants such as
pacemakers, if exposed to fields greater than 5 gauss. Medical implants such as
aneurysm clips, surgical clips or prostheses may also be attracted. Further care
must be taken around changing fields (e.g. pulsed gradient fields). Eddy currents
could be generated in the implant resulting in heat generation and/or unwanted
torques.

Ensure that all loose ferromagnetic objects are outside the 5 gauss field zone of
the magnet before the magnet is ramped to field. Human experience and reaction
speed are totally inadequate to cope with the extremely nonlinear forces the mag-
net exerts on iron objects. Therefore no ferromagnetic objects should be allowed
to enter the magnet room after the magnet is energized.

2.2.1

The Exclusion Zone is the area inside the magnet's 5 gauss field line, extended
in all directions, including rooms above and below the magnet area.

Individuals with cardiac or other medically active implants must be prevented from
entering this area. The exclusion zone must be enforced with a combination of
warning signs and physical barriers.

User Guide Version 002 BRUKER BIOSPIN 11 (93)



Safety

Security Zone 2.2.2

The Security Zone is usually confined to the room that houses the magnet.

Ferromagnetic objects should not be allowed inside the security zone to prevent
them from becoming projectiles.

Standards on Health and Safety in the Workplace 2.2.3

The maximum length of time human beings can be exposed in the stray field of
strong magnets is given by country-specific standards on health and safety in the
workplace. It is the customer’s responsibility to choose and evaluate the right
country-specific regulation and to ensure that maximum doses are not exceeded
by anyone with access to the system.

We strongly recommend using all the mounting devices supplied to change gradi-
ent coils or probes. Furthermore, samples should be exchanged by using the
sample supports without entering the extremities inside the magnet’s bore. These
preventive measures minimize doses of magnetic flux and must be applied as a
general rule of thumb.

Example:

In Germany, regulation BGV B11 describes the maximum exposure doses in two
basic tables. Table 2.1. applies to situation under the standard precautionary con-
ditions, whereas Table 2.3. applies to systems with field strengths above 5 Tesla
and can only be applied to certain subgroups of people, which meet nonstandard
precautionary conditions. Details on the different precautionary conditions and
subgroups of people are given in the document BGV B11 document.

Table 2.1. BGV B11 Standards for Standard Precautions and Users

Exposure Maximum Magnetic Flux Density

Average over 8 hours 212mT
Peak values for head and body 2T
Peak values for extremities 5T

Standards on health and safety in the workplace for standard precautions and users, according to BGV
B11

Table 2.2. BGV B11 Standards Under Special Conditions for Selected Subgroups

Exposure Maximum Magnetic Flux Density

Average over 8 hours 4T
Peak values for head and body Table 2.1. is valid
Peak values for extremities 10T

Health and safety standard in the workplace applicable under special conditions to selected subgroups
of people, according to BGV B11

12 (93) BRUKER BIOSPIN User Guide Version 002



Ventilation

Table 2.3. shows the maximum retention periods within different stray field re-
gions below 5 Tesla for standard precautionary situations. The corresponding
spatial regions within and around the super-conducting magnet can be worked out
from the stray-field plots of the magnet being used.

Table 2.3. Example of Maximum Retention Periods
Magnetic Flux Retention Period Parts of the Body
5T < 20 Minutes Extremities
4T < 25 Minutes Extremities
3T < 34 Minutes Extremities
2T < 52 Minutes Head/Body
1T <1 Hour 42 Minutes Head/Body
0.5T < 3 Hours 23 Minutes Head/Body
0.3T < 5 Hours 39 Minutes Head/Body

We do not take any responsibility for the numbers given in this table!

If higher field strength is accessible inside the magnet by a user’s extremities, a
corresponding table for non-standard situations can be worked out from

Table 2.3.. However, the analysis must be carried out in a more detailed and dif-
ferentiated manner and a greater number of more important conditions must be
strictly fulfilled.

Ventilation 2.3

A very large increase in volume accompanies vaporization of the cryogenic liquids
into gas. The cryogenic gas to liquid volume ratios are approximately 740:1 for he-
lium; 680:1 for nitrogen. Due to this large increase in volume the vapor may dis-
place the air in an enclosed room If someone is in the room, this may lead to
asphyxiation. To prevent this, adequate ventilation of the magnet room must be
provided. All doors to the magnet room should open outwards to allow safe
exit in the event the room becomes pressurized by helium gas during a magnet
quench.

Regular Ventilation 2.3.1

Regular HVAC systems should be able to handle 3-5 room air exchanges per
hour, and provide temperature stability of +/-0.5°C (+/-1°F). Please refer to
"HVAC (Heating Ventilation Air Conditioning)" on page 71 for more details.

Emergency Ventilation 2.3.2

Depending on the actual size of the magnet room, a large amount of He and/or N,
gas could displace the air in the room. This is possible during the initial cooling of
the magnet, during follow-up cryogen fills, or in case of a quench. Therefore, an

User Guide Version 002 BRUKER BIOSPIN 13 (93)



Safety

Oxygen Sensors

emergency exhaust system may be required to avoid asphyxiation. Please refer
to the section "Emergency Gas Exhaust" on page 72, for more details.

2.3.3

Oxygen (O,) sensors are required in the magnet room to detect low levels of O,
due to cryogenic gases. Please refer to "Compressed Gas Options" on page
67 for more details.

Safe Handling of Cryogenic Substances 2.4

Croygenic liquids are usually stored at their boiling temperature. As a result, a
fraction of the liquid constantly evaporates into the gas phase, leading to a pres-
sure build-up inside the storage dewar. A very important characteristic of cryo-
gens is their enormous increase in volume during the conversion from liquid to
gaseous phase. This conversion follows a raise in gas temperature starting at the
boiling temperatures of the cryogenic liquids and going up towards room tempera-
ture. Cryogenic liquids must be handled and stored in well ventilated areas.
Containers for cryogenic liquids must be constructed with non-magnetic materials
and should be specifically designed for use with particular cryogens. Be sure to
read and follow any specific instructions provided by the container manufacturer
concerning their individual products.

Refill of Liquid Nitrogen 2.4.1

Keep contact with air at a minimum. When liquid nitrogen is exposed to air, it
can condense and become as hazardous as liquid oxygen. The pressure relief
valve for the nitrogen vessel should be mounted at all times, even when the ves-
sel is being refilled.

When the vessel is being refilled, liquid nitrogen should not be allowed to spill
onto the room temperature bore closure flanges. Place gum rubber or Teflon
tubes on the nitrogen neck tubes during refill. The transfer should be stopped im-
mediately when the vessel is full. Failure to observe this can lead to the freezing
of the o-rings and a subsequent vacuum loss of the magnet cryostat.

The liquid cryogen transport dewars used to refill the magnet should be of the low
pressure type. Never use high pressure gas-packs.

Refill of Liquid Helium 2.4.2

14 (93)

Avoid contact with air. Air that has been exposed to liquid helium will solidify. Vac-
uum insulated pipes should be used for transferring liquid helium. The helium ves-
sel should be checked weekly for helium level and overpressure.
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Safe Handling of Cryogenic Substances

A one-way valve is supplied to avoid air or moisture from entering the He vessel.
This is to prevent ice from building and plugging the neck tubes. The 0.2 bar valve
must be mounted at all times even during a helium transfer.

Important Note: The transfer of liquid helium can be done easily and safely, pro-
vided the helium transfer line is in good condition, is handled correctly, and the
transfer pressure does not exceed 3.5 psi (0.24 bar). Never connect a warm heli-
um transfer line to the magnet as the warm helium gas could disturb the magnet
temperature. Always allow the helium transfer line to cool down to helium temper-
ature before connecting it to the short end inserted into the helium fill port. This
short end is cooled down by inserting it - both ends open - into the magnet at the
same time, while the long part of the transfer line is cooled from the supply vessel.

Consider personnel and equipment in the
rooms above, below, and adjacent to the room
the magnetresides in.

Ird . 5 Gauss

i Ex-f*_:lusm-n _
5 h ' Zong _ {’i:'j‘
LIS - A

Figure 2.1. Stronger Stray Fields in Vertical Direction than in Horizontal Direction

floors
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Safety

Earthquake Safety

2.5

In regions where there is a potential risk of earthquakes, additional measures
should be taken to reduce the chance of personal or property damage through
movement or tipping of the magnet.

Many countries or regions have documented regulations, including building
codes, regarding earthquakes. Before installing a magnet system, it is highly ad-
visable that you check with local authorities on whether your area is prone to
earthquakes and if there are any regulations in effect.

If your area is regarded as an earthquake area there are several shock absorbing
measures or riggings available to reduce the likelihood of damage during an
earthquake. Please contact Bruker for more information on earthquake securing
equipment.

Country-specific Safety Regulations 2.6

16 (93)

In addition to the above safety precautions, any country-specific safety regula-
tions for operating NMR systems must be fulfilled. These may include, for exam-
ple, regulations on:

® Facilities of a controlled access area around the magnet
® Working conditions at computer stations
® Use of anesthesia gases

® Handling of laboratory and transgenic animals

BRUKER BIOSPIN User Guide Version 002



Equipment

Introduction

3.1

This section describes the types and functions of the various sub-systems that are
delivered as part of our AVANCE UltraStabilized NMR systems. These include the
following:

® The superconducting magnet system.
®* The console, monitoring & control unit.

* The CryoProbe™ system.

Superconducting Magnet Components 3.2

This section describes the basic operation of an NMR superconducting magnet.

Purpose: The superconducting magnet is a complex system producing a very
strong, homogeneous, and stable magnetic field, which is required for NMR.

Magnet temperature: The magnet uses both liquid nitrogen and liquid helium.
The magnet coil is immersed in liquid helium inside a dedicated helium vessel.
Liquid nitrogen fills a different vessel and reduces the helium evaporation rate.

UltraStabilized Magnets: The magnet coil is immersed in a liquid helium bath at
a sub-cooled temperature (~2 K). An additional liquid helium bath operating at a
standard temperature of 4.2 K is located above the sub-cooled helium section.

Magnet current: After the initial charging with electrical current, the magnet runs
in persistent mode. The current runs in a closed loop inside the system and the
magnet itself is no longer connected to a continuous power supply.

Pump-line: The sub-cooled systems are equipped with a special pump line in or-
der to reduce the liquid helium temperature from 4.2 K to ~2 K. The pump line
connects one port of the magnet to a set of pumps. Pumping is done on a Joule-
Thompson Cooling Unit located inside the cryostat in order to reduce the temper-
ature of the liquid helium (by using this method the large volumes of liquid and
gaseous helium in both temperature zones can be kept slightly above atmospher-
ic pressure).

Maintenance: The magnet maintenance consists of refilling the system with cryo-
genic fluids at defined time intervals (refer to "Refill Time Intervals for UltraSta-

bilized Magnets" on page 18).

User Guide Version 002 BRUKER BIOSPIN 17 (93)



Equipment

Table 3.1.

Refill Time Intervals for UltraStabilized Magnets

800 US?, 850 US?, 850WB US?,

£0 ELD 5 Pl 900, 900US?, 950US>
LN2:
Refill Volume 230 liters 230 liters 170 liters 400 liters
Hold Time 10 days 13 days 14 days 21 days
LHe:
Refill Volume 240 liters 245 liters 190 liters 350 liters
Hold Time 45 days 56 days 56 days 60 days

Console, Monitoring & Control Unit

3.3

18 (93)

Table 3.2. lists the various parts of the console, monitoring & control units. Please
also refer to the floor plan diagrams beginning on “Eloor Plan" on page 43.
These scaled diagrams provide an idea of where the various pieces of NMR
equipment should be placed.

BRUKER BIOSPIN
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Table 3.2.

NE[E]

Spectrometer and Magnet Controls

Function

Console, Monitoring & Control Unit

Picture

AVANCE console
main cabinet

®Performs the actual NMR data acquisi-
tion.

Bruker Magnet
Pump Control
(BMPC II)

®Monitors the magnet status and cryo-
genic parameters.

®Includes the pumps that drive the
Joule-Thompson cooling unit in order
to maintain the temperature of ~2K.

®|nterfaces between the magnet, pump
system, and user.

W T—TT

Lt

Uninterruptable
Power Supply
(UPS)

®Feeds the BMPC and provides contin-
uous power in case of power failure.

® Acts as a power conditioner.

®|t is recommended to have the UPS
on emergency power.

User Guide Version 002
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Equipment

Table 3.2. Spectrometer and Magnet Controls

Name

Function

Picture

Workstation

® Acts as operational computer for the
user.

*Processes NMR data.

® Sends/receives data to/from the acqui-
sition computer in the main console.

BCU-05 cooling
unit

*Cools VT gas to allow proper sample
temperature regulation.

®*Reduces the temperature of the air in-
put (supplied by the variable-tempera-
ture unit) and provides cooling of the
NMR sample within the magnet to at
least -5 °C for a room temperature of
25 °C.

Imaging acces-
sory cabinet
option

®*Houses the gradient amplifiers for mi-
cro-imaging applications.

20 (93)

BRUKER BIOSPIN

User Guide Version 002



CryoProbe System (Optional)

CryoProbe System (Optional) 3.4

The Bruker CryoProbe™ Accessory for the AVANCE NMR Spectrometers offers
dramatic increases in signal to noise ratio, stability, and ease of use. For site plan-
ning details for the CryoProbe Accessory, refer to the “CryoProbe™ Purchase
and Siting Guide”.

The CryoProbe system consists of the following components:

Table 3.3. CryoProbe System

Item

Description and Function Picture

CryoProbe™

*Represents the NMR probe inside the
magnet bore.

®|s cooled by cryogenic helium gas

* Maximizes efficiency and reduces ther-
mal noise, thus enhancing the signal-to-
noise ratio.

CryoCooling Unit

® Contains a cryocooler, a cryocontroller,
a vacuum system, and He transfer lines.

®Cools compressed helium gas by ex-
pansion.

®Provides and maintains the vacuum in-
sulation.

® Supervises all CryoProbe operations.

Buck Boost Trans-
former

® 1kVA transformer steps up the 208V
voltage to 230V for the CryoCooling
unit.
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Table 3.3. CryoProbe System

Item

Description and Function

Picture

He compressor

®Provides compressed helium gas to the
CryoCooling unit.

®Connects to the CryoCooling unit by
means of helium gas pressure lines.

*The indoor water-cooled He compres-
sor is shown to the right. Other models,
including indoor air-cooled and outdoor
air-cooled, are available.

Research Grade
He gas cylinder

®*Provides research grade helium gas
(99.9999%) at high pressure (min. 300
psi or 20 bar) for flushing the probe prior
to a cool-down cycle.

®|ncludes a regulator, an outlet valve,
and a charging hose.

Transfer line supports

*Provides support for the probe
®|solates probe against vibrations.
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Magnet Access and
Rigging

Introduction

4.1

Important Note: As the magnet is very heavy and fragile, the majority of this
chapter focuses on movement of the magnet. The remaining crates (spectrome-
ter, BMPC, etc..) are typically removed from the trucks with forklifts and are posi-
tioned in the NMR lab with a pallet jack.

On the morning of delivery, the magnet, the electronics, all accessories, and the
required rigging equipment will arrive on 2-3 flatbed trucks. A crane will also arrive
on site that morning.

The crane will unload the forklifts and pallet jacks. The forklifts will be used to un-
load the equipment crates, and the pallet jacks will be used to transport the equip-
ment crates into the NMR building. (The equipment may be uncrated outside if
doorway space is limited.)

The crane will be used to pick the magnet from the flatbed truck and place it on a
level surface to be uncrated. Most of the time, the uncrated magnet is lifted, and
placed on special air-skates on a slab or dock in front of the access doors/open-
ing to the NMR building. Then, the magnet will be air-skated into place in the NMR
lab. This process depends on the particularities of the loading dock, the NMR
building, and the pathway to the lab. Sometimes, the magnet can be lifted by the
crane directly into the NMR building through a hatch. Eigure 4.1. shows this pro-
cess.

Once the magnet is in place in the NMR room, a gantry will be erected over the
magnet, in order to lift it for assembly. When the assembly is complete, the mag-
net will be lowered onto its legs.

The remainder of this chapter describes, in detail, how each of these steps are
completed.
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Off-lnaded to be placed on Nat surface.

e .
A

Magnet is uncrated | Lifted Info NMR building".|

Off-loading on Site

Figure 4.1. Unloading the Magnet

4.2
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When planning to offload the magnet on site, the following must be considered:

® An overhead crane is required to unload the magnet off the truck and position

it correctly for access into the building. The size of the crane will depend on the
magnet transport weight (Table 4.2.) and size (Table 4.1.), as well as the dis-
tance of reach (horizontal and vertical) to the access point into the building
(e.g. access door, airway, etc.). This detall is usually attended to by the rigging
firm.

Where will the crane and delivery vehicles park?
Where will the magnet be uncrated?

The entry way of the NMR building must be large enough to accommodate the
magnet with any rigging equipment necessary. Please refer to Table 4.1. for
minimum doorway dimensions.

What is the load-bearing capacity of the entry-way? The loading dock or en-
trance into the building must be able to handle the load safely. Please refer to
Table 4.2. for magnet transport weights.
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Access to the NMR Room 4.3

Before delivery the customer must ensure that the system and magnet can be
transported to the site. Table 4.1. on page 25 gives the sizes of the crates in
which the magnets are shipped. The following must be considered:

®* The access clearance (height x width) and floor loading capacity must be
checked along the entire route that the magnet will take from the access point
into the building to the NMR room. Refer to Table 4.1. for minimum door sizes.
Refer to Table 4.2. for magnet system transport weights.

® Special air-skates are often used to transport the magnet from the access
point into the building to the final magnet location inside the NMR room. A
large air compressor is required to operate these skates. Refer to the section
"Rigaing Equipment" on page 27.

* Transport will also be affected by any floor irregularities and the presence of
door jams and steps. Use masonite sheets with air skates to traverse floor ir-
regularities such as cracks and door seals.

® Elevator capacity and dimensions must also be considered if the magnet must
make an elevation change within the building.

Table 4.1. Door Dimensions for Magnet Access

Crate Size (m) Minimum Door Dimensions (m)
Width Height (H;(:;?,Zt.g
Uncrated Uncrated

750 WB, 800 2.00 1.80 3.00 1.40 2.90 4.4
800 US Plus 2.00 1.80 2.50 1.40 2.50 3.9
800 US?,

850 US?,

850 WB US?, 2.40 2.20 3.00 1.80 3.00 4.6
900,

900 US?,

950 US?

WB = Wide Bore (89 mm),

US? = UltraShield-UltraStabilized

* Including air skates (cushions) required to move the magnet.

** These numbers are approximate; the true number will depend on the distance between the boom of
the crane and the bottom of the magnet.
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Magnet Transport Weights 4.4
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The transport weights for each magnet are listed below. For the weights of the
rest of NMR equipment, please refer to "Dimensions and Weights of NMR
Equipment" on page 43.

Table 4.2. Magnet Transport Weights

Magnet Type Approx. Transportation weights
- crated (kg/lbs.)

750 WB 4,350/ 9,600
800 4,000/ 8,800
800 US Plus 4,000/ 8,800
800 US? 6,800 / 15,000
850 US? 6,900 / 15,200
850 WB US? 8,200 / 18,100
900 6,800 / 15,000
900 US? 8,200 / 18,100
950 US? 8,200 / 18,100

BRUKER BIOSPIN
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Rigging Equipment

4.5

All rigging equipment must be selected to handle the size (Table 4.1.) and trans-
port weights (Table 4.2.) of the magnet system. For Ultra High Field magnet sys-
tems, a crane is required to remove the magnet from the truck and place it on the
the dock or slab in front of the access doors to the building. Air skates should be
used during transport over floors and through passage ways whenever possible.
For lifting during installation, hydraulic lifts are preferred.

Rigging equipment is not included with the NMR system order. The following rig-
ging equipment will be needed for a typical delivery and installation of an UltraSt-
abilized magnet system:

User Guide Version 002

Crane: A crane able to handle magnet load is required to:

- lift the magnet off the truck,

- place it on a flat surface for uncrating, and

- lift it again and place it on air-skates in front of the access doors

- or to place the magnet inside the building (e.g. roof hatch).

Air-Skates: A set of four air-skates is required to transport the magnet from
the access doors. The air-skates require an air-compressor capable of supply-
ing up to ca. 1.72 bar (25 psi) at ca. 2 cu. meter/minute.

Leveling Sheets: Masonite (or other suitable material) sheets may be tempo-
rarily required to level the transport route from the access doors to the NMR
room, in case of small imperfections.

Pallet Jack and/or Fork Lift: For transporting system accessories to the NMR
room.

Lifting Hook or Hydraulic Lifting System: Lifting the magnet inside the NMR
room for assembly purposes requires either a fixed lifting hook or a hydraulic
lifting system capable of handling the magnet load within the given ceiling
height requirements (please refer to "Minimum Ceiling Height Require-
ments and Lifting Weights" on page 30).
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Figure 4.2. Unloading the Magnet Crate and Posi-
tioning for Uncrating

Figure 4.3. Lifting the Magnet and Placing it on Air
Skates in Front of the Access Doors

Figure 4.4. Air Skates

Figure 4.5. Magnet Positioned on Air Skates
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Ceiling Height
Requirements

Introduction 51

The assembly of the magnet system, the magnet energization, and refills with lig-
uid helium require minimum height clearances as specified in Table 5.1. on page
30.

®* The ceiling height requirements do not need to be met over the entire NMR
room. Figure 5.2. illustrates that the height requirements need only be met im-
mediately above the magnet, over an area to allow for assembly of the gantry
(if applicable), and over an area to allow for insertion of the helium transfer
line.

® |f a soffit is to be used, it is important to consider ceiling height for magnet as-
sembly. If a hydraulic gantry is used to assemble the magnet, the horizontal
beam must fit within the confines of the soffit.

® An alternate hydraulic lift system supporting the magnet at the flanges may be
used in rooms with limited ceiling height.

® In lieu of a gantry, or a fixed lifting hook capable of supporting the magnet at a
sufficient height can be used to assemble the magnet. However, this option is
usually not ideal. See notes below.

FIXED HOOK: Itis important to consider how the hoist system and harness
will be removed from a fixed lifting hook after the magnet is installed. Re-
moving the heavy hoist directly over the magnet can be very difficult and
dangerous for both the safety of personnel and the magnet.

Due to the additional hand chain hoist required, the minimum ceiling height
to lift the magnet with a fixed lifting hook is typically greater than when us-
ing a hydraulic lifting system.
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Min. Hook Height
For Assernbly

il i A A A A A A A A A

Figure 5.1. Minimum Hook Height for Assembly

Table 5.1. Minimum Ceiling Height Requirements and Lifting Weights

Minimum Ceiling Height

Magnet Type For Magnet For He Transport Minimum Hook Tot.al Lifting
Dewar (m) Height (m) Weight (kg)
750 WB 4.95 3.6 4.25 3600
800 4.88 3.6 4.25 3400
800 US Plus 3.66 3.6 3.10 3400**
800 US? 5.3 3.6 4.75 5300
850 US? 5.3 3.6 4.75 5300
850 WB US? 5.3 3.6 4.75 6600
900 5.3 3.6 4.75 5500
900 US? 5.3 3.6 4.75 6600
950 US? 5.3 3.6 4.75 6600

WB = Wide Bore (89 mm); US? = UltraShield-UltraStabilized
* Lifting weight uncrated without stand.
** For 800 US Plus - lifting weight uncrated with stand.
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Transfer Line Length = 3.6 meters
(11’ 10*) for the flexible section.

When using ceiling boxes (soffits),
sufficient space must be left for the
required transfer line length. The
magnet may need to be off-center
within the soffit.

Figure 5.2. Helium Transfer Line Insertion

User Guide Version 002

Introduction

}

Respective ceiling height require-
ments must be met over this area.
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Magnetic Stray
Fields

Introduction 6.1

Magnetic stray fields are three dimensional, and they extend further in the vertical
direction than in the horizontal direction. Table 6.1. displays the horizontal stray
fields in the radial, direction, while Table 6.2. displays the vertical stray field in the
axial direction.

Table 6.1. Horizontal Stray Fields (distances are measured in radial directions from magnet center)

Magnet type

750 WB 2.9 4.9 6.2 8.4 10.6 13.4
800 2.8 4.8 6.1 8.2 10.3 13.0
800 US Plus 1.0 1.35 1.5 2.0 2.5 3.3
800 US? 1.45 1.9 2.2 2.95 3.8 4.95
850 US? 1.3 1.8 2.2 2.8 3.7 4.6
850 WB US? 2.0 2.7 3.3 4.6 6.0 7.7
900 3.7 6.3 7.8 10.7 13.4 17.0
900 US? 2.0 2.7 3.3 4.6 6.0 7.7
950 US? 2.0 2.7 3.3 4.6 6.0 7.7
WB= Wide Bore (89 mm); US?= UltraShield-UltraStabilized

All measurements in table 6.1 and 6.2 are in meters!

Table 6.2. Vertical Stray Fields (distances are measured in axial directions from magnet center)

Distance from

Magnet Type Floorto Magnet

Center
750 WB 1.5 3.65 6.2 7.8 10.6 13.4 16.8
800 1.5 3.55 6.1 7.6 10.3 13.0 16.4
800 US Plus 1.2 1.5 2.2 2.5 3.2 3.9 4.8
800 US? 1.6 1.95 2.85 3.4 4.35 5.25 6.45
850 US? 1.6 2.0 2.9 3.4 45 5.5 6.7
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Table 6.2.

Distance from

Magnet Type Floorto Magnet 50 G

Vertical Stray Fields (distances are measured in axial directions from magnet center)

Center
850 WB US? 1.6 2.6 3.9 4.6 6.0 7.3 9.0
900 1.6 4.8 7.8 9.8 135 16.9 21.5
900 US? 1.6 2.6 3.9 4.6 6.0 7.3 9.0
950 US? 1.6 2.6 3.9 4.6 6.0 7.3 9.0
WB= Wide Bore (89 mm); US?= UltraShield-UltraStabilized
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750wB

Figure 6.1. Magnetic Stray Field Plot 750 WB
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800

Figure 6.2. Magnetic Stray Field Plot 800
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800US Plus

Figure 6.3. Magnetic Stray Field Plot 800 US Plus
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800US*

Figure 6.4. Magnetic Stray Field Plot 800 US2
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0.05mT

850Us?

Figure 6.5. Magnetic Stray Field Plot 850 US2
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200

Figure 6.6. Magnetic Stray Field Plot 900
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Co

900Us*

Figure 6.7. Magnetic Stray Field Plot 850WB US2, 900 US2, 950 US2
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Floor Plan

Size and Mass of Equipment 7.1

The floor of the NMR room must be sufficiently strong to support the console,
magnet, and ancillary equipment. Table 7.1. gives the dimensions and weights of
NMR equipment. Table 7.2. gives the footprint and weight of magnets (filled with
cryogens and including stand). The floor should also be as rigid as possible to re-
duce the effect of vibrations.

Table 7.1. Dimensions and Weights of NMR Equipment

Component Width (m) Depth (m) Height (m) Weight (kg)

AVANCE Cabinet 1.31 0.83 1.55 454
Table / Workstation 1.20 1.00 0.75 68
Microimaging Cabinets 0.69 0.83 1.55 205 /150
BMPC I 0.85 0.70 1.70 254
UPS - Main Unit 0.32 0.69 0.72 165

- Battery Pack 0.34 0.62 0.79 216
B-CU 05 0.50 0.55 0.48 50

For CryoProbe Option:

CryoCooling Unit 0.69 0.89 0.96 400

Helium Compressor
Indoor Water Cooled 0.46 0.51 0.69 118

Helium Compressor
Outdoor Air Cooled
Indoor part 0.31 0.61 0.31 115
Outdoor part 0.92 0.41 1.05 46

Helium Compressor
Indoor Air Cooled 0.56 0.56 0.89 141
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The values in the following table correspond to Eigure 7.1..

Table 7.2.

Mass of UltraStabilized Magnets

A B C Total Magnet
Maximum Magnet Height Overall Footprint Weight Incl.
Magnets Magnet Diameter from the Floor Diameter Stand and
(m) Including Stand (m) Cryogens
(m) (kg)
750 WB 1.295 3.641 1.818 4,400
800 1.295 3.641 1.818 4,200
800 US Plus 1.280 3.084 1.965 3,500
800 US? 1.688 3.865 2.10 5,900
850 US? 1.688 3.865 2.10 6,000
850 WB US? 1.688 3.865 2.10 7,300
900 1.688 3.865 2.10 6,000
900 US? 1.688 3.865 2.10 7,300
950 US? 1.688 3.865 2.10 7,300
US?= UltraShield-UltraStabilized; WB= Wide Bore (89 mm)

Refer to Table 7.2. for the values
of A, B, and C for each magnet.

Figure 7.1. Magnet Dimensions
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Magnet Location

Magnet Location 7.2

When locating the magnet, certain considerations must be made with regards to
the laboratory environment:

® To increase magnet homogeneity, the magnet should be located away from
permanent iron structures such as support beams in walls and floors. Refer-
ence "Magnetic Environment" on page 59

® To increase temperature stability, the magnet should not be placed in direct
sunlight or near any artificial heat source. The magnet should also not be
placed under or in close proximity to air-vents or in an area that experiences
air drafts. Air should not be blown directly down or towards the NMR magnet.

* When possible, avoid a situation where a significant stray field (>5 G) extends
into adjacent rooms.

® There should be free access to the magnet from all sides.

It is important to determine the optimal position in the NMR room, based on the
following orientation elements:

®* The front of the manifold: The front of the He manifold is defined by a U-
shaped opening. The manifold connects the three He turrets at the top of the
magnet.

®* The He fill port: The left turret (when looking at the front of the magnet) is the
helium fill port. It is necessary to provide a path to either the left side or the
front of the magnet so liquid helium transport dewars can be rolled in place.

® Magnet pump line: The magnet pump line connects to the back of the mani-
fold (see Figure 7.2.).

®* The front of the stand: The magnet stand also has a front side. The CryoPro-
be™ transfer lines coming from the “Cryo” unit connect to the probe on the
front side of the magnet stand. The shim cable comes out through the back
side, 180 degrees apart from the CryoProbe transfer lines.

NOTE: The front of the magnet stand does not necessarily have to match the front
of the manifold.

[Frontof Wanifold

|
|
.‘
Pump Line,

=
L]

A\

— L

s i‘r
\_Frr:m'r of Magnegistand

Figure 7.2. UltraStabilized Magnet Orientation
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Magnet Slab

7.3
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In larger buildings, it is strongly recommended to design an isolated magnet slab
that separates (isolates) the magnet from the rest of the floor and building. This
reduces vibrations that are transmitted to the magnet from the building (electro-
mechanical equipment, HVAC, personnel, etc.). The slab must be large and
strong enough to safely support the load of the magnet.

It is important to achieve a full isolation of the slab on the sides as well as under-
neath it in order to reduce both vertical and horizontal vibrations.

It is recommended to build first a thinner slab of ~15cm (6") on grade with a layer
of sand underneath this slab. The main thick slab for the magnet would be added
on top of the thinner slab, and could be isolated from it with a pattern of small
pads made of special rubber isolation material. The main slab could be finished
on top with silicon filler. The separation gap on the sides can be filled with neo-
prene or foam type material

The recommended dimensions are as follows:

750 WB, 800, and 800 US Plus:
Length= 3.6 m(12)
Width = 3.6 m(12)
Depth = 0.3m (1)

800 US?, 850 US?, 850WB, 900, 900US?2, and 950US?:

Length= 3.6 m(12)
Width = 3.6 m(12)
Depth = 0.6 m(11/2)

NOTE: These dimensions are guidelines, not specifications, and remain
subject to approval by the project’s structural engineer.

Reinforcement: The slab must be reinforced with non-magnetic reinforcement
(e.g. fiberglass, or non-magnetic stainless steel).

An isolated slab may not be necessary if the structure contains no sources of vi-
brations, or if the foundation is on bedrock. In this case, it is still recommended to
perform a vibration analysis. Please consult with Bruker BioSpin regarding the
magnet slab and to arrange for analysis.

Please refer to "Vibrations" on page 57 for more information on vibration isola-
tion and site analysis.
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Magnet Platform

7.4

The purpose of a platform is provide safe access to the top of the magnet for sam-
ple insertion, cryogen fills, etc. The basic design requirements for the platform in-
clude, but are not limited to the following:
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Material: It must be non-magnetic. Wood and aluminum are used most often.

Height of platform deck: The top of the deck must be located approx. at
2.44m (8") above the finished floor. The 800 US Plus does not require a plat-
form given its compact size. An aluminum rolling ladder is sufficient.

Railing: The height of the railing will be determined by local building codes.
However, if the ceiling height is low it may be necessary to make a section of
the railing removable. When the gantry is used to pick the magnet off the air
skates, the cross-bar must not crush the railings.

Footprint: The total footprint of the platform should be large enough to accom-
modate a person, but small enough that the helium transfer line will reach
across the footprint without trouble. A footprint of 4m x 4m without taking into
account the stairs is generally adequate.

Opening diameter: The circular opening must be centered with the magnet
and have the following diameters:

- 750 WB and 800: 1.32m (52") diameter

- 800 US?, 850 US?2, 850 WB, 900, 900 US?, and 950 US?: 1.71m (67") di-
ameter

This will leave ca. 5 cm (2") clearance around the magnet cryostat, not the
flanges. The diameter of the flanges is larger (please refer to the maxi-
mum magnet diameter identified with ,A“ in Figure 7.1. and correspond-
ing Table 7.2..

Border around the opening by the magnet and the outer platform rim:
Borders, or lips, are recommended to prevent anything from falling off the
magnet platform.

Support posts: Given the larger magnet diameter at the flanges relative to the
opening in the platform, care should be used when designing the support post
to prevent obstructons. It is recommended to have the support posts away
from the magnet and closer to the outside perimeter of the platform to provide
optimal access to the bottom of the magnet and allow sufficient clearances for
accessories.

Stairs: The access stairs shall be positioned to allow easy access to the front
of the upper manifold. This facilitates sample insertion.

Magnet assembly time: As stated in "Rigging Equipment" on page 27, the
magnet will be slid into place, and then a hydraulic gantry will be used to as-
semble the magnet. For this reason, it is recommended to construct the plat-
form in two parts. The first piece can be installed before the magnet is
delivered. The second piece should be installed shortly after the magnet has
been assembled. Please refer to “Maagnet Installation Stages" on page 77
for the stages of installation.

BRUKER BIOSPIN 47 (93)



Floor Plan

Sample Changer Considerations 7.5

A B-ACS (Bruker Automatic Control System) has been developed for the Ultra
High Field magnet systems. This sample changer holds up to 60 NMR sample
tubes and can be used the in conjunction with any of the ultra high field magnets.

This B-ACS utilizes a new kind of mechanical mounting equipment to attach the
sample changer to the magnet. This allows for easy B-ACS adjustment in X, Y,
and Z directions.

The mounting hardware descends along the Z-axis, down the front of the magnet.
This may cause a slight interference with the decking of the magnet platform. This
could be solved by either lowering the height of the deck or implementing an addi-
tional opening in the deck.

Magnet Pump Line 7.6

This section briefly describes the purpose, fabrication, and route of the pump line.

® Purpose: The pump line connects the pump to the Joule Thompson cooling
unit located inside the helium dewar of the magnet system.

® Fabrication: It is custom-made out of stainless steel to fit site requirements.

® Route: The pump line connects the rear side of the helium manifold to the
BMPC Il cabinet. Most of the time it runs across the floor, although sometimes
it is partially elevated:

- Keeping the pump line at floor level is the preferred route as it is the most ef-
ficient way to prevent vibrations from entering the magnet. The pump line runs
down to the floor near the magnet stand, then continues across the floor to the
wall. It runs along the wall to the BMPC Il. A 15cm x 15 cm (6" x 6“) trench
would be sufficient to conceal the pump line and sensor cable.

- It is always important to design the route to avoid tripping and obstructions,
and to protect the pysical integritity of the pump line at all times.
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Magnet Pits

7.7

If the ceiling height is not sufficient, and/or the stray fields in the room above are
beyond the acceptable range, then a magnet pit may be an option. Important is-
sues that need attention include but are not limited to the following:

Special rigging equipment and a temporary platform to support and lower mag-
net inside the pit.

Continuous ventilation and emergency exhaust inside the pit (please refer to
special notes related to pits in sections 9.6 and 9.8 for HVAC and Emergency
Gas Exhaust).

Magnet refills and access for transport dewars.
Cable lengths.

Tuning and matching the probe.

Siting the BCUO5 cooling unit.

Siting the CryoPlatform™.

Consult your local Bruker Installation Engineer for pit design and construction de-
tails.

zta. -

Figure 7.3. Magnet in Pit with Customized Platform
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Maximum Field Strengths for NMR Equipment 7.8

Once the location of the magnet has been decided, it is time to determine where
the remainder of the equipment will be placed. Protection of motors and electron-
ics from magnetic stray fields is crucial.

Table 7.3. Maximum Field Strength for NMR Equipment

Unit Maximum Field Strength

Computers e.g. NMR workstation, PC 0.5mT (5G)

Printer Plotter 0.5mT (5 G)

Gas cylinders 0.5mT (5 G)

Heavy metal office furniture e.g. filing cabinet** 0.5 mT (5 G) - not recommended in magnet room
LC-NMR System & Accessories 0.5mT (5 G)

He Compressor (CryoCooling) 0.5mT (5 G)

Gilson 0.5mT (5G)

AVANCE cabinet 1.0 mT (210 G) line

TFT computer monitor 1.0 mT (10 G)*

BMPC Il 1.0 mT (10 G)

BCU 05 5.0 mT (50G) - max. 2.7m from magnet center
CryoCooling unit 5.0 mT (50 G)

Movable metal chair not recommended in magnet room

* The working place for personnel should be outside the 0.5 mT (5 G) line. An additional TFT monitor
and keyboard can be located at the 1.0 mT (10 G) line for probe adjustments etc.

** Use wooden furniture if access during critical measurements is required.
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Worktable Position 7.9

Magnetic storage devices are sensitive to the stray field and attention must be giv-
en to their position relative to the magnet.

®* The flat LCD panel should be turned (or able to be turned) towards the magnet
to facilitate tuning and matching.

®* The workstation and additional disks, CD-ROM drives, etc., which are normally
placed on the worktable, should not be exposed to fields greater than 1.0 mT
(10 G).

® For convenience of operation, no direct light should fall on the LCD panel, nor
should there be a strong light source at the back of the panel. A separate dim-
mer or at least partial switching is recommended for the lights in the worktable
area.

Layout Examples 7.10

The following layout examples of an 800 US Plus, 850 US?, and 900 US NMR
system include the equipment and utilities. A description of each of the NMR sys-
tem components is presented in the chapter "Equipment" on page 17, while the
details regarding the utility requirements are presented in the chapter "Utility Re-
guirements" on page 65.
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The next table refers to the numbered items in the sample site layouts that follow.

Table 7.4. Utility Requirements
Device Number International America Purpose/Comments
UPS #1 230V, 50/60Hz 50A 1-Ph | 208V, 60Hz, 60A, 1-Ph | Disconnect, on emer-
gency generator.
BMPC I #2 230, 50/60Hz, 32A 1-Ph | 208V, 60Hz, 30A, 1- For installation and
Ph, L6-30R service.

#3 Distribution box for wire- | J-box termination for For providing power
in conduit (230V, 50/ wire-in conduit (208V, from BMPC to
60Hz, 32A from BMPC 60Hz, 30A from BMPC | AVANCE.
to AVANCE), to AVANCE),

#4 Analog fax modem line.

AVANCE #6 230V, 50/60Hz, 32A, 1- 208V, 60Hz, 30A, 1- For installation and
Ph Ph, L6-30R sevice

#7 Cekon connector, 1-Ph. L6-20R termination of
Wire-in conduit coming wire-in conduit coming
from #3 from #3

#8 Cable with Cekon male Cable with L6-20P ter- | Power from Avance
plug for wire-in conduit mination for wire-in
(to plug into Avance and | conduit (to plug into
feed BCU-05) Avance and feed BCU-

05)
#9 Regulated compressed gas 6.9 bar (100 psi).

BCU-05 #10 Cekon connector, 1-Ph. L6-20R termination of

Wire-in conduit coming wire-in conduit coming

from #8 from #8
Cryo Cool- #11 230V, 50/60Hz, 16A, 1- 208V, 60Hz, 20A, 1- For buck-booster
ing Unit Ph Ph, L6-20R 208V/230V on sepa-

rate UPS.
#12 Regulated compressed gas 4.1 bar (60 psi).
He Com- #13 400V, 50Hz, 30A 208V, 60Hz, 60A Disconnect, on emer-
pressor (fused), 3-Ph (fused), 3-Ph gency power.
or 480V, 60Hz, 30A
(fused), 3-Ph
Workstation #14 230V, 50/60Hz, 16A, 1- 110V, 20A, 1-Ph On separate UPS
Ph
#15 Telephone port
#16 Data port
Imaging 230, 50/60Hz, 32A, 1-Ph | 208V, 60Hz, 40A, 1-Ph | Optional cabinet.
Accessory
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Figure 7.4. AVANCE 800 US Plus NMR Layout Example
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Environment and
Site Survey
Measurement

Introduction 8.1

This chapter covers the various site survey topics related to the NMR laboratory.
The measurements and associated guidelines include:

® Vibrations
® Magnetic Environment
® Electromagnetic Interference: DC and 60Hz AC EMF

®* RF Interference

The results of measurements carried-out during a site survey only reflect the spe-
cific conditions that were present during the survey. Although these results are
useful as a reference, they would not be conclusive for the after-the-installation
system performance if one or more site conditions change. These changes may
be related but not limited to sources of vibrations and electromagnetic field and
RF interference like electro-mechanical equipment (HVAC, motors, pumps, freez-
ers, etc.), elevators, car/bus/train traffic, power lines, transformers, radio/TV sta-
tions and other possible RF sources, etc.

Vibrations 8.2

External vibrations may cause field modulations in the sample cavity. This could
result in vibration sidebands, matched NMR signals that appear on either side of a
main signal peak.

® |deally the site should be at basement level to minimize building vibrations.

® Possible sources of vibrations are generators, compressors, fans, machinery
etc. Vibrations from external sources such as cars, trains, airplanes, and con-
struction sites can also cause problems.
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Vibration Guidelines

® Measuring the extent of vibrations at the magnet location is a relatively simple
matter; if you suspect that a problem you should contact your local Bruker Bio-
spin office.

® Various measures to dampen floor vibrations are available. Please refer to " Vi-
bration Damping Measures" on page 58.

8.2.1

Measurements of floor accelerations (mm/sec?) are required in both vertical and
horizontal directions over a minimum frequency range of 0 to 100 Hz. Recording
both average and peak-hold values is recommended.

All magnets are equipped with vibration dampers in order to reduce vibrations on
the magnet. The isolation performance is given by a transmissibility characteristic
for the specific dampers integrated within the magnet. The higher the frequency of
floor vibrations, the better the damping (less of the vibration is transmitted). Also,
the smaller the natural frequency of the dampers and the smaller their “Q” (ampli-
fication factor at the natural frequency), the higher the isolation performance.

The acceleration peaks measured directly on the proposed magnet floor must be
multiplied by the transmissibility factor of the dampers at the specific frequencies
at which these acceleration peaks have been recorded. The results must then be
compared to the maximum 0.1 mm/sec? that can be tolerated at the magnet.

Vibration Damping Measures 8.2.2
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All UltraStabilized magnet systems are equipped with pneumatic vibration damp-
ers (vibration isolation units). Two options are available:

® Air-Spring dampers have a natural frequency of ~2.5 Hz and become effective
at floor vibration frequencies above 4 Hz.

® Advanced dampers - vibration isolation columns having a natural frequency
below 1.5Hz, and become effective at floor vibration frequencies above 2.5 Hz.
This superior isolation solution is suitable for very low frequency vibrations
(vertical and horizontal).

It is strongly recommended to design an isolated magnet slab that separates (iso-
lates) the magnet from the rest of the floor and building. This should reduce the
magnitude of vibrations that are transmitted to the magnet from the building (elec-
tromechanical equipment, HVAC, personnel, etc.). For guidelines on the magnet
slab please refer to the section "Magnet Slab" on page 46.
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Magnetic Environment 8.3

The presence of any ferromagnetic materials in the immediate vicinity of the mag-
net will decrease the magnet’'s homogeneity and may degrade overall perfor-
mance. Although minimum requirements for routine NMR are not stringent, the
magnetic environment must be optimized if more sophisticated experiments are
being carried out. Usually, the effect of metal pipes, radiators, and other such ob-
jects can be “shimmed out”, but whenever possible, this should be avoided.

To assist in site planning two sets of guidelines are given below: “minimum re-
quirements” and “acceptable environment”.

If minimum requirements can not be met, the customer should consider a
different site because NMR performance is likely to be reduced. By accept-
able environment we mean an environment with which most customer sites
comply. This is a situation which is desirable, though not always achiev-
able.

Minimum Requirements 8.3.1

Static Iron Distribution

Any iron within the confines of the NMR lab should be located at least 3.66m (12’)
from the center of the magnet. Removal of iron piping in this vicinity should be
considered prior to installation. If the magnet must be located close to iron or steel
support beams proper alignment is important; support beams should pass
through or be symmetric to the magnet axis.

Any static iron mass (0-227kg/0-500Ibs.) must be at least at 3.66m (12') from the
magnet center. For heavier masses, the limiting area must be extended accord-
ingly. The presence of static magnetic material near the magnet assumes that
these masses are firmly secured e.g. radiators, pipes.

Moveable Magnetic Material

No moveable masses should be located within a ~6.1 m (20") radius. Potential
sources of moving iron are metal doors, drawers, tables, chairs etc. For larger iron
masses (> 227 kg/500 Ibs.) distorting effects may be experienced when those
masses are moving as far as 12.2 m (40’) or more from the magnetic center.

For high precision work (e.g. NOE difference experiments) increasing the exclu-
sion zone for moveable magnetic material may be justified.
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Acceptable Environment 8.3.2

Static Objects

Table 8.1. gives a list of common sources of magnetic interference. These items
should be located according to the recommendations below. It must be empha-
sized however, that such recommendations represent a situation that may not be
achievable. Please consult with Bruker BioSpin for possible solutions if one or
more of these recommendations cannot be satisfied.

Table 8.1. Recommendations for Static Magnetic Objects

Actual distance from

Object magnetic center (m)

Iron or steel Beams

Steel reinforced walls

Radiators, Plumbing pipes

Metal table, metal door

Filing cabinet, steel cabinet

A R

Massive objects e.g. Boiler

Moving Objects
The table below serves as a guideline for moveable magnetic material.

Table 8.2. Recommendations for Moveable Magnetic Objects

. Actual distance from
Object .

magnetic center (m)
Steel cabinet doors 6
Large metal door, hand trolley 9
Elevators* 12
Cars, Fork-lifts 12
Trains, Subways, Trams* 30

* Note that D.C. operated elevators, trains, and trams may cause disturbances
over much larger distances (see Table 8.3.). In addition, these may also cause vi-
brational disturbances.
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Electromagnetic Interference 8.4

Possible sources of interference are power lines which may carry fluctuating
loads, heavy duty transformers, large electric motors, air conditioning systems,
power transformers, etc. The fluctuating electromagnetic fields arising from such
devices can interfere with the magnet homogeneity. Of particular concern are
sudden changes in load as may be produced by elevators, trams, subways etc.
Some laboratory equipment such as mass spectrometers and centrifuges will also
give rise to fluctuating fields. Other sources of interference include radio and tele-
vision stations, satellites and other RF transmitters that may operate in the vicinity
of NMR frequencies of interest.

If you suspect that you have a source of interference located near the pro-
posed magnet site then you should contact Bruker Biospin for a site survey.

Types of EMF Interference
® DC Interference
® 50/60 Hz Interference

®* RF Interference

DC EMF Interference 8.4.1

DC interference generally comes from devices operated on DC, such as eleva-
tors, trains, subways, trams, etc. The locations of both the device and its power
supply & lines relative to the proposed NMR site are essential to the amplitude
and orientation of DC fields and how they may interfere with the NMR system. DC
feeder lines are just as disturbing as a subway, and they do not run necessarily
parallel to the track.

Measuring DC Fluctuating Fields

DC EMF measurements should be conducted using a fluxgate magnetometer.
The fluxgate sensor is capable of accurately measuring magnetic field changes
below 1mG. The sensor is connected to a magnetometer, and the voltage output
from the meter is then converted into digital form. The magnetic field is recorded
and plotted on a computer display in real time.

Reducing DC Interference

The amplitude of the “full external perturbation” (peak-to-peak) is measured with
the fluxgate magnetometer at the proposed magnet location but in the absence of
magnet. There are two levels of compensation against these external DC field
perturbations:

1. First, the magnet screens itself against external perturbations, hence only a
fraction of the full perturbation is left at the magnet center. We call this residual
field perturbation after magnet screening. It's value is relevant to NMR experi-
ments without lock, relevant to many solids experiments and high resolution
experiments using gradients which require lock hold.

2. Second, the advanced digital NMR lock further minimizes the interference after
magnet screening. The digital lock is less susceptible to field perturbations
than the older analog lock. The final response may depend on the lock sub-
stance and concentration.
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Guidelines: DC Interference

When determining the effect of fluctuating magnetic fields, two parameters are im-
portant: the size of the fluctuation and the rate of change.

® Field changes of up to 5 mG, regardless of the rate of change, are generally
considered harmless for standard NMR work.

® Field changes larger than 5 mG will be compensated by the digital NMR lock,
as long as their rate of change is less than 10 mG/sec.

® Field changes faster than 10 mG/sec need to be addressed in more detalil
along with the types of NMR experiments to be performed, in order to better
assess whether the NMR performance will be affected. Please consult with
Bruker Biospin to assess the level of interference and explore solutions.

Table 8.3. lists the minimum distances between the source of interference and
the magnet center.

Table 8.3. Minimum Distances from Sources of DC EMF Interference

Recommended Minimum
Source of Interference Distance from Magnet Center
(m)
DC Trains, subways, trams* 150
DC Elevators* 12
Mass Spectrometer (slow ramp) 12
Mass Spectrometer (sudden flyback) 30

* Elevators, trains, subways, and trams are also a source of vibrational interfer-
ence.

50/60 Hz EMF Interference 8.4.2

The 50/60 Hz interference generally comes from electrical wiring, transformers
and fluorescent lights located in the vicinity of the magnet as well as near the
NMR cabinet and workstation. The magnetic field further modulates this interfer-
ence, increasing the likelihood of disturbances.

Measuring 50/60 Hz Fluctuating Fields

The amplitude and orientation of the 50/60 Hz fluctuating fields should be mapped
within the proposed NMR room. The sources of such fields should be identified.
Specific locations that must be checked carefully include:

® Magnet area
® Console area

® Along the wall inside the NMR room at 5 cm (~2") from wall, and 3.8 cm (4”)
from wall

® Approximately 5 cm (~2") below the existing lights in the room

® Near the main outlets 230V (USA - 208V) locations in the room.
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Electromagnetic Interference

Guidelines: 50/60 Hz Interference

The amplitude at which interference is likely is ~ 1.8mG RMS. Since this ampli-
tude is based on laboratory tests, ideal values should be well below 1.8 mG RMS.

The magnet should not be placed within a 6.1 m (20") radius of a normally-sized
transformer. If there is a large transformer adjacent to the proposed magnet loca-
tion, measurements will be required to determine if the transformer will adversely
affect NMR spectra.

The magnet should not be placed directly under fluorescent lights. Fluorescent
lighting may cause interference, and may switch off temporarily during a quench.

8.4.3

The NMR instrument is effectively a very sensitive radio frequency receiver. Pos-
sible sources of interference are local radio or television broadcasts, low Earth or-
bit satellite systems, and signals emitted by personal paging systems. Of
particular concern will be interference at frequencies at which NMR experiments
are carried out. Although the interference effects will depend greatly on the
strength of the transmitter, as a rule of thumb only broadcasting transmitters locat-
ed within a radius of approximately 5 kilometers (3 miles) are likely sources of in-
terference.

RF interference may also occur between two or more spectrometers located in
close proximity and operating at the same nominal 1H resonance frequency.

Measuring RF Fluctuating Fields

Radio Frequency Interference measurements should be conducted using a spec-
trum analyzer. The analysis should be done for the resonance frequency of each
of the nuclei of interest (proportional to the 1H resonance frequency of the spec-
trometer). The minimum frequency sweep is 400 kHz. Any peaks with RF fields
above -80 dBm should be recorded, as well as any broad frequency ranges with
any level of RF signals.

"Table 8.4." on page 64 contains a list of the most common studied nuclei at the
corresponding frequencies for the 750, 800, 850, and 900 MHz NMR systems.

Guidelines: RF Interference

As a general guideline the level of any RF interference should be less than an
electrical field strength of -65 dBm at the side of the magnet. However, past expe-
rience has shown that broadband RF fields having smaller intensity (about -
80dBm) may interfere with the NMR experiments. Therefore, it is important to
make a note of any measurements exceeding -80 dBm.

Reducing RF Interference

Screening a site for possible RF Interference is complicated and expensive.
Shielding of the NMR room with a Faraday cage is a possible solution, though
having to take such measures is quite rare.

When designing and manufacturing the Bruker BioSpin spectrometers, care is
taken to provide adequate shielding and the instruments rarely suffer from inter-
ference in normal RF environments. Furthermore, the advanced BSMS digital
lock system - included with all Bruker BioSpin AVANCE spectrometers - allows a
shift in the 2H lock frequency with certain limits. This may allow enough variation
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in the absolute magnet field strength to shift the NMR signal away from that of lo-
cal broadcasting frequencies.

RF interference may occur between two or more spectrometers located in close
proximity and operating at the same nominal 1H resonance frequency. These
problems can be avoided by energizing the different magnets at slightly different
fields, such that their operational frequencies are separated by ~ 200 kHz of the
nominal 1H resonance frequency.

Table 8.4. List of Most Commonly Studied Nuclei and Corresponding Resonance Frequencies
Nuclei NMR Frequency (MHz)
Magnets 800 850
1H 750.131 800.131 850.131 900.131
2H 115.151 122.827 130.502 138.177
11B 240.697 256.740 272.786 288.828
13C 188.631 201.204 213.777 226.350
15N 76.145 81.221 86.285 91.372
19F 705.948 753.003 800.055 847.113
27Al 195.603 208.647 221.687 234.718
29Si 149.202 159.147 169.094 179.037
31P 303.963 324.224 344.488 364.745
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Electrical Power Requirements 9.1

The Bruker UltraStabilized systems operate at a reduced temperature which can
only be maintained by uninterrupted power to one helium pump. These systems
will stay operational for several hours, but it requires a knowledgeable person to
bring them back to normal operating conditions. A longer failure of the cooling
system will inevitably result in a quench. In such a failure, the system may be
down for several weeks and will require reinstallation.

The standard system is equipped with 9 hours of backup capacity for the magnet
pump assembly. If power failures longer than 9 hours are likely in the area of in-
stallation, it is the responsibility of the customer to take appropriate provisions.

The power for the AVANCE UltraStabilized NMR systems is exclusively controlled
by the BMPC (Bruker Monitoring and Pump Control) Unit. This unit provides the
required power to the main AVANCE two-bay cabinet, the cooling pumps, and an-
cillary units such as the BCU-05 cooling unit.

Table 7.4. includes the electrical power requirements.
Figure 9.1. displays the BMPC and the various units to which it distributes power.
Other important considerations include:

® All power is routed through the UPS which also has the advantage of serving
as a line conditioner. In the event of a power failure, the power source auto-
matically switches to the UPS batteries.

®* Though the UPS is hard wired to a distribution box which feeds the BMPC and
the Avance console, the power for the Avance console is still exclusively con-
trolled by the BMPC.

® If the power failure exceeds 6 minutes, the supply to the two-bay cabinet will
be cut off automatically. This will enable the UPS to power the helium pump for
about 9 hours. As most (more than 90%) power failures are much shorter than
6 minutes, this compromise reserves most of the battery capacity for the mag-
net and allows NMR measurements to run undisturbed in case of short power
interruptions.
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* |f the power failure exceeds 9 hours, it is recommended to provide backup
emergency power to maintain the operation of the helium pumps. This power
can come from the building’s emergency generator or from a small, dedicated
generator. If a power failure continues for more than 4 hours, the customer will
be alarmed by telephone through the Bruker Monitoring System (BMS).

® Standard-length power and communication cables are provided with the instru-
ment. If the placement of the NMR cabinets does not allow for the use of these
cables, the customer may be required to provide electrical power conduits.

230V 32A
(208V 30A

Main Supply
230V 50A

(208V 40A)

Disconnect

UPS
8.5 KVA

Distribution
Box

BMPC II
including
pumpsl

Backup
Generator

Service Outley

Outlet
230V 32A
208V 208 230V 32A 230V 16A NMR
(,20\0\?,2\/[\?(?2) (110V 20A) | Workstation

| |
Available Available BCU-05
230V 16A 230V 16A 0.45 kW
(208V 20A) (208V 20A)

Notes:

- Values in parathesis are for America.

- 230V 16A (208V 20A) outlets should be plentiful.

- The AVANCE console has 3 outlets that may be used for Bruker equipment.
- Service outlets are used for matintenance purposes.

Figure 9.1. Main Electrical Power Requirements Flowchart

The AVANCE cabinet comes supplied with four electrical outlets (230V/16A - Eu-
ropean Shuko receptacles) which can be used to power standard ancillary equip-
ment. Two outlets are designed to power the NMR Workstation and (optional)
Imaging Cabinet. This leaves two outlets free for accessories such as the BCU-05
or Automatic Sample Changer etc.

Telecommunication 9.2

Please refer to the AVANCE UltraStabilized NMR layout in "Layout Examples"
on page 51. The following ports are required:

® Telephone/data ports behind the workstation
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Compressed Gas

® Dedicated analog modem (telefax) port behind the monitoring unit (BMPC).

9.3

General Requirements

Compressed gas line: The standard AVANCE system requires one compressed
gas line with two regulated outputs. Two additional secondary connectors are per-
ferred.

Regulators: Watts Regulator R119-03C (Watts Fluid Air Company), pressure
range 0-8.6 bar (0 - 125 psi), with gage head included.

® Compressed nitrogen gas needed for temperature control with VT experiments
in order to achieve optimal NMR performance. The BCU-05 cooling unit re-
quires a DEW point of -51°C (-60°F) for the compressed gas.

® Compressed air or nitrogen gas for spinning.

® Compressed air or nitrogen gas for sample ejection, and for the magnet’s vi-
bration isolation units.

® Compressed air or nitrogen gas for the optional CryoProbe system.

Compressed Gas Options 9.3.1

Option 1 (preferred):

Nitrogen gas only: 57 I/min. (2 scfm) for non-MAS experiments, or 227 |/min. (8
scfm) for MAS experiments. The pressure should be 6-8 bar (80-120 psi).

Option 2:

Nitrogen gas for VT work only: flow 5.7-34 I/min. (0.2 - 1.2 scfm), minimum pres-
sure 4.2 bar (60 psi). This can be provided by a nitrogen separator or using boil-
off from a LN2 dewar.

Dry air for the rest: 22.7-51 I/min. (0.8-1.8 scfm) for liquid NMR experiments, 193-
221 I/min. (6.8-7.8 scfm) for MAS experiments. Pressure 6-8 bar (80-120 psi).

Option 3 (not recommended unless exclusive use of a CryoProbe is
expected)

Dry air only: minimum flow 85 I/min. (3 scfm) for non-MAS experiments, 255 I/min.
(9 scfm) for MAS experimetns. The pressure should be 6-8 bar (80-120) psi.

Note:

A nitrogen separator (supplied by Bruker BioSpin) can be built into the AVANCE
cabinet as an available solution for option 3. This will produce the nitrogen gas re-
quired for VT work. However, this is not suitable for larger flow rates required by
MAS experiments.

The nitrogen separator is suitable for use with the BCU-05 cooling unit. However
the nitrogen output from the separator is not pure enough and this unit should not
be used with a N2 exchanger or BCU-X cooling unit for low temperature work.
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Gas Requirements For Accessories 9.3.2

® |f use of a Bruker Automatic Sample Changer (BACS) in high throughput mode
is planned, a secondary regulator, T-split from the supply line, is recommend-
ed.

® For MAS (Double Bearing) a second regulator is mandatory. Make sure the
supply line cross-section is sufficient to deliver the necessary volume at the re-
quired pressure.

¢ |f a CryoCooling unit is to be installed, a secondary regulator, T-split from the
supply line is recommended.

* If the Emergency Sample Protection Device is to be used in conjunction with
the CryoProbe System, a cylinder of air or nitrogen gas is required.

Compressed Gas Specifications 9.3.3

Oil Content:
< 0.005 ppm (0.005 mg/m?)

Water Content

For the BCUO5 cooling unit the compressed gas should have a DEW Point
of -51°C (—60°F). For the BCU-X cooling unit, the DEW Point requirement is
-100°C (-148°F).

For room temperature work and higher: DEW Point of < 4°C (39.2°F)

For low temperature work: The DEW Point must be at least 20°C (68°F) be-
low the operating temperature.

If a cooling unit is used, then the DEW Point of the compressed nitrogen
should be at least 10°C (50°F) below the temperature at the heat exchang-
er output.

Solid Impurities

Use 5 micron filters for high resolution NMR. For MAS probes use 1 micron
filters. The filters should retain a minimum of 99.99% of the specified parti-
cles.
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Table 9.1. Compressed Gas Requirements
Svstem Operating Pressure Average Recommended
y Consumption Minimum Gas Supply***
Two-Bay 6-8 bar (80-120 psi) 45 I/min. (~1.6 cfm) 57 I/min. (=2 cfm)

Two-Bay + BACS* or
NMR CASE

6-8 bar (80-120 psi) 52 I/min. (~1.8 cfm) 57 I/min. (=2 cfm)

Two-Bay + MAS (DB**)

6-8 bar (80-120 psi) 220 I/min. (~8 cfm) 300 I/min. (=11 cfm)

** DB= Double Bearing

* Bruker Automatic Sample Changer

*** This is the actual consumption and minimum needed at the instrument input after the N2 supply
(either a bulk tank, or a N2 separator).

For non-MAS work, if a an air-compressor and N2 separator are used, the flow requirements are
50% higher, i.e. 3 cfm. Itis recommended to use a dual unit oil-less air-compressor rated at min.
double capacity of the specified requirement. Please refer to the next section on air compressors.

Air Compressors

9.3.4

When choosing an air compressor the following points should be considered:
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. ldeally the compressor should be installed in a dust free, cool and dry place.

. The compressor must be oil-free. This can be achieved by using membrane or

Teflon coated piston compressors. The compressor should be fitted with a fine
dust inlet filter.

. The compressor must be capable of delivering the required flow rate and pres-

sure suited to your particular system (see Table 9.1.). Generally the compres-
sor should be large enough so it does not run continuously (e.g. > 50% of the
time), which will cause overheating.

The extra cost of choosing an oversized system may often be justified. The re-
duction in duty cycles will lower maintenance costs and extend the life of the
system. A suitable compressor coupled to an adequate buffer will ensure a
more constant flow rate leading to better performance. When spinning, the
system uses a constant flow of air, but surges will occur during sample lift.
When referring to Table 9.1. you should add on 10 I/min. to the average con-
sumption if the system is fitted with anti-vibration devices such as pneumatic
dampers or a VIP system.

. Take into account the pressure loss along the line between the compressor

and the final gate valve. The pressure drop depends on the pipe diameters. An
internal diameter of 8 mm has been found to be suitable. The plastic tubing
used to carry the supply from the final gate valve to the console has an outside
diameter of 8 mm and is supplied by Bruker BioSpin.

Some types of dryers, e.g., absorption dryers can use up to 25% of the air flow
to regenerate the drying material. If this type of dryer is used then the output
capacity of the compressor must be sufficient to supply this requirement.
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6. Many compressors are fitted with dryer and a tray to collect excess water.
Regular checking of the dryer and emptying of the water collector will ensure
trouble free operation. This arrangement is quite satisfactory in environments
with normal humidity (< 80%). However in areas of higher humidity (> 80%) a
cooling coil with an automatic water drain must be fitted to the compressor out-
let. This will ensure that filters do not become overloaded.

7. Although not directly concerned with air quality, compressors are a source of
vibrations which may interfere with NMR performance. You should consider
using a compressor fitted with a vibration damping housing if it is to be situated
close to the spectrometer. The output noise level should be < 75 dBA.

Regulator
Compressor S _
Pressure loss Dryer - Required Pressure?
= — o] e — e — * )
in piping: Required Flow Rate?
Pressure loss
Efficiency loss in in filter?
dryer?
Figure 9.2. Losses in a Typical Dryer/Filter System Setup
Water 9.4
If the system is equipped with the CryoProbe option and the compressor is water
cooled, then cooling water is needed to remove the ca. 7.5 kW of heat output from
the water-cooled type He compressor used in conjunction with the CryoProbe.
The cooling water requirements are found in the CryoProbe Site Planning
Guide, which is available from your local Bruker Representative.
Lighting 9.5

Operation is most convenient when the computer monitor(s) may be viewed under
subdued lighting. However, normal office lighting will be needed in other areas of
the NMR room. The most convenient arrangement is to have separately switch-
able lights using standard light bulbs. Make sure that reflections from strong artifi-
cial light do not fall upon the monitor screen. Care should also be taken to
minimize reflections from sources such as windows.

® Please do not direct spotlights toward the magnet; this could change the sur-
face temperature.

® Consideration should be given to the relative placement of lights to the air con-
ditioning inputs, which mostly contain the temperature sensors for the air con-
ditioners. Otherwise the switching of lights might result in a system over-
reaction and a considerable temperature change.

® Lights are generally not recommended within a radius of 3m (~10’) from the
magnet.
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HVAC (Heating_Ventilation Air Conditioning) 9.6

Constant temperature and humidity is crucial for high performance operation.
Room temperature should be kept between 63 and 77°F.

Room temperature should not fluctuate more than +/-0.5 °C (1°F) per hour. Near
the magnet or cabinets, the temperature fluctuation should not exceed +/-0.5°C
(1°F). Air drafts, particularly those created from air conditioning or heating sys-
tems, can have negative effects on the magnet.

The location and orientation of air-diffusers must prevent the air from blowing to-
wards the magnet and spectrometer cabinet, since this would have a negative im-
pact on the system stability and its performance.

The heat output of the standard AVANCE UltraStabilized system for high resolu-
tion work is about 4.6 kW (18,000 BTU/hr.). This includes the main AVANCE cabi-
net, the BMPC, the BCU-05, and the workstation.

The heat output of the AVANCE UltraStabilized system equipped with High Power
amplifiers for solids NMR is between 6 kW (25,000 BTU/hr.) to 10 kW (40,000
BTU/hr.) depending on the high power configuration.

Humidity should be kept between 30% and 80%. Conditions other than these may
warrant the installation of an air conditioner with appropriate humidity controls.

Magnet Stability: The heat output is constant and it is essential to minimize or
avoid short term oscillations of the HVAC system, and provide a continuous slow
flow of air that in turn reduces the speed of any temperature changes. In other
words, it is recommended to have a continuous and slow exchange of air in the
NMR room, hence minimizing fluctuations.

Most of the heat is generated in the AVANCE cabinet, the magnet pump assem-
bly and the BCUO5. The magnet itself does not dissipate any heat. Special care
should be taken so the air does not blow towards the magnet and spectrometer
cabinet.

Pits: When a magnet is installed in a pit, it is important to ensure there is continu-
ous air-flow (or exhaust) within the pit. This is done to prevent any buildup of nitro-
gen gas in the confines of the pit, not to reduce the temperature stability of the
magnet. If more circulation is required, emergency exhaust will be discussed in

Section 9.8: "Emergency Gas Exhaust"
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Fire Detection System and Fire Extinguishers 9.7

Rooms containing NMR magnets should be equipped with temperature sensors
for fire detection. These must respond only to a sudden rise of temperature, and
not be triggered by a quench (sudden drop of temperature).

Optical sensors cannot discriminate between smoke from a fire and fog caused by
a quench so these may not be used.

Fire extinguishers in the vicinity of the magnet room must be non-magnetic
(stainless steel or aluminum). It is the obligation of the customer to inform the lo-
cal fire department about the dangers of magnetic fields. These magnets stay at
field for a long time even in a most blazing fire!

Ceiling sprinkler heads should be made of metal instead of glass. A quench could
falsely trigger the alcohol-filled glass vials, which can shatter in the presence of
cold helium gas. Sprinklers should not be located directly over the magnet.

Any sprinkler lines or other metal pipes located above the magnet should be ther-
mally-insulated to prevent O2 condensation or water freezing in the line from the
large amount of cold He gas following a magnet quench.

Emergency Gas Exhaust 9.8

Due to the large amount of liquid He contained in the magnet, an emergency ex-
haust system may be required to prevent O, depletion during a magnet quench.
Table 9.2. lists the amount of LHe and He gas after a quench for the UltraStabi-
lized magnets.

Table 9.2. He Gas After a Quench

UltraStabilized Amount LHe He gas after a quench
magnets (liters) (per minute)
750 WB ~ 450 333 m3 (~11,800 ft3)

800 ~ 450 333 m3 (~11,800 ft%)
800 US Plus ~ 350 296 m3 (~10,500 ft3)
800US? ~ 1,200 888 m3 (~31,400 ft°)
850 US? ~ 1,200 888 mS3 (~31,400 ft3)
850WB US? ~ 1200 518 m3 (~18,300 ft3)
900 ~ 800 518 m3 (~18,300 ft°)
900 US? ~ 1300 518 m3 (~18,300 ft3)
950 US2 ~ 1300 518 m3 (~18,300 ft3)

Regarding the emergency gas exhaust, important considerations include, but are
not limited to, the following:

* Amount of liquid He: Taking the 850 us? magnet as an example, the total
amount of liquid He is 1200 liters. In case of a quench, the liquid transforms
into gas and expands by a factor of 740. Therefore, the total amount of He
evaporated gas in case of a quench will be ca. 888 m3 (31,400 ft3).
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Emergency Gas Exhaust

®* Maximum He gas flow: The maximum flow of He gas is calculated on the as-

sumption that half of the volume of liquid evaporates in 1 minute, thus the max-
imum flow would be 444 m3 (15,700 ft3) for the 850 US? magnet. The gas
should be removed from the room immediately through an emergency exhaust
system.

O, level sensors: Oxygen level sensors are required to detect low O, levels
within the NMR room for each system. One sensor is needed above the mag-
net for detecting low O, levels due to He gas exhaust in case of a quench or
during He fills. An additional sensor is needed close to the floor for detecting
low O, levels due to N, gas exhaust during magnet cooling or regular N, fills.
In case of placing the magnet inside a pit, a third sensor is needed inside a pit
to detect low O, levels from N, gas.

Emergency exhaust solutions: The following exhaust solutions are recom-
mended:

Passive exhaust: This system is based on louvers in the ceiling, or upper
parts of outside walls, that open up due to the pressure of He gas.

Active exhaust: In addition, an active system based on a motorized fan in,
or close to, the ceiling is recommended. This way, adequate exhaust of
cryogenic gases will be provided not only during a quench, but also during
the initial cooling of the magnet and regular cryogen refills.

Normally it is sufficient to operate this fan manually, as the probability of an
unattended quench after the installation is rather low.

If desired, this fan can be operated with an automatic switch:
a) it should be installed in addition to a manual switch.

b) measures should be taken to prevent it from being turned on during
a fire.

Quench pipes: This solution may be required when the NMR room is small
and any of the other options are not sufficient to ensure safety after a mag-
net quench.

This solution is based on a pipe connected directly to the magnet, which is
then routed to the outside of the building. It is important to note the follow-

ing:

- The helium exhaust from the magnet should be vented directly to the out-
side of the building.

- The ducts should have sufficient diameter to avoid excessive pressure
build-up due to the flow impedance of the duct.

- The location of the exit end of the duct must not be accessible to anyone
other than service personnel. In addition the exit opening should be pro-
tected from the ingress of rain, snow, animals, etc.

- It is also essential that any gas which vents from the exhaust duct cannot
be drawn into the air conditioning or ventilation system intakes. The loca-
tion of the duct’s output should be carefully sited to prevent this from hap-
pening during any adverse atmospheric conditions and winds.
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- Insulation of accessible exhaust piping should also be provided to prevent
cold burns during a quench.

Pits: As discussed in Section 9.6: "HVAC (Heating Ventilation Air Condition-
ing)" , continuous air flow is required within the confines of a magnet pit. Emer-
gency ventilation may also be necessary, particularly if the pit is >1.09m (3.5’)
deep (average mouth-height of a person). Since nitrogen gas cannot be detected
by the human senses, an oxygen sensor mounted in the pit will trigger an in-

creased rate of exhaust.

Figure 9.3. Emergency Quench Pipes

Please contact Bruker BioSpin for further information.
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Oxygen Monitor and Level Sensors

9.9

User Guide Version 002

Oxygen monitors or level sensors are required inside the magnet room. The mini-
mum number of oxygen sensors follows:

Above the mag-
net on the wall:

Closetothefloor
on the wall:

Down in the pit:

One oxygen level sensor should be above the magnet, to
detect low oxygen levels caused by high He gas levels.

One oxygen level sensor approx. 30 cm off the floor of the
magnet room.

One additional oxygen level sensor approximately 30 cm
off the bottom of the pit, in case the magnet is located
inside a pit.
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Introduction

10.1

Overview

Please fill out and return the Site Planning Checklist prior to the delivery of the
magnet system. If this checklist was not provided, please contact your Bruker Bio-
Spin representative immediately.

All general requirements such as power supply, compressed air supply, etc. must
be installed before the system can be delivered. Installation requirements such as
cryogen supplies are totally separate from normal operation requirements. The
system can only be delivered and installed after the completion of all construction
work in the lab. The lab must be cleaned from all remaining dirt, dust, particles,
etc.

The magnet transport crates should be kept indoors out of direct sunlight. The
crates should not be opened until a Bruker BioSpin magnet engineer arrives. Fail-
ure to do so may invalidate the warranty. The crates are shipped with Shock-
watch™ and Tiltwatch ™ indicators.

10.2

The spectrometer system will arrive at the site in crates. The crates should only
be opened by the Bruker BioSpin service engineer. The commissioning of the
magnet involves several stages as outlined in Table 10.1.. The installation time-
line given below is an approximation; each site is slightly different.

Table 10.1. Magnet Installation Stages

Days Procedures

Day 1 Delivery of the magnet

Days2-5 Assembly of the magnet

Days 6 - 12 Flushing, vacuum, leak detection, installation of the pump line

Days 13- 17 | Precooling with liquid N,

Days 18 - 19 | Cooling with liquid He

Days 20 - 23 | Subcooling to reduced temperature

Days 24 - 38 | Energizing and Cryoshimming

Days 38 - 48 | Running NMR experiments to demonstrate standard specifica-
tions.
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Accessibility 10.3

Before the arrival on site, the customer must ensure the equipment can be deliv-
ered, and transported safely to the final location inside the NMR room. Please re-
fer to "Magnet Access and Rigging” on page 23 for the details.

Checklist of Installation Requirements 10.4

For the installation the customer must provide the following:
® Lifting equipment and minimum ceiling height as outlined in Table 10.2.
® Pallet jack and/or fork lift for transporting system accessories.

® Two cylinders of N, gas 501/200 bar (~2 cu.ft, 3000 psi) with reducing regulator
valves to deliver pressure of 0.5 bar (~8 psi), as specified in "Compressed
Gas Specifications" on page 68.

¢ Six cylinders of He gas 501/200 bar (~2 cu.ft, 3000 psi) with reducing regulator

valves to deliver a pressure of 0.2 bar (~3 psi), as specified in the section
"Compressed Gas Specifications" on page 68.

® Quantities of liquid helium and nitrogen as specified in Table 10.2..

® Liguid helium and nitrogen transport dewars as specified in "Compressed
Gas” on page 67.

® One power outlet 230V/16A (USA 208V/30A) single phase and two more
230V/16A (USA 208V/20A) single phase power outlets are needed to run a
vacuum pump, a heat gun, and a power supply unit. These power outlets must
be available in addition to the main power source used to run the spectrome-
ter.

®* Minimum two standard doublet outlets 230V/16A (USA 110V/20A); ideally,
these should be plentiful around the laboratory.

® Step ladder (non-magnetic e.g. aluminum, fiberglass, or wood).

* Platform to access the top of the magnet with opening suitable for magnet
placement. Please refer to "Magnet Platform" on page 47 for more details.

Where possible the customer should provide the following:
® Heat gun or hand held hair dryer (min. 1200 W)

* Roughing pump 1072 mbar (14.5 x 10 psi)

® Pair of insulated gloves

® Electric screwdriver
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Installation Procedure 10.5

Magnet Assembly

The various steps and procedures mentioned in Table 10.1. will be discussed in
detail.

10.5.1

Once the magnet is lifted off the delivery truck using a suitable overhead crane, it
will be uncrated by the Bruker BioSpin magnet engineers outside the building.

It will then be transported using special air-skates to the NMR room. Or, if access
is through a hatch in the roof, the crane will be used to lower it safely inside the
room to its final position. The crane will then be used in lieu of a gantry during the
magnet assembly phase.

A hydraulic lifting device (when access is NOT through hatch in the roof above the
magnet location) or a fixed lifting hook must be provided to lift the magnet for as-
sembly. The assembly area should be clean, dry and free of dust. Under certain
circumstances, hydraulic lifting equipment may be provided by Bruker Biospin.
Table 10.2. lists the minimum ceiling height, minimum hook height, and the
weight for each magnet.

When arranging suitable lifting gear, the customer is asked to ensure a safety
margin of at least 100%.

Magnet Evacuation and Flushing with Nitrogen Gas 10.5.2

Once the magnet has been assembled and placed in the magnet room, rough
pumping of the cryostat can begin. At the same time the cryostat is flushed
through with dry nitrogen gas. The customer must provide a 501/200 bar (~2 cu.ft,
3000 psi) cylinder of dry nitrogen gas (99.9999% purity). The cylinder should be
fitted with a secondary regulator valve to deliver a pressure of 0.5 bar (~8 psi).

For some installations the customer is asked to provide a roughing pump, e.g. ro-
tary pump capable of reducing pressures within the cryostat to 10" mbar. Further
pumping of the cryostat is then carried out to reduce the internal pressure to 10
mbar. It is convenient, if the customer can provide a suitable pump such as a diffu-
sion or turbo pump. If such a pump is available the customer should contact Bruk-
er Biospin to confirm its suitability. Where no such pump is available then it will be
supplied by Bruker BioSpin.

Cooling the Magnet to Liquid Nitrogen Temperatures 10.5.3

This next stage involves filling the magnet with liquid nitrogen. The quantity of lig-
uid nitrogen required is listed in Table 10.2.. The transfer dewars used for precool
generally have a capacity of 250 - 500 liters with a fixture for pressuring and trans-
ferring via a rubber hose of 10 mm (~3/8") diameter.
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Cooling the Magnet to Liquid Helium Temperatures 10.5.4

For this procedure, the customer must provide the following:

® Six cylinders of helium gas: 50I/200 bar (~2 cu.ft, 3000 psi), 99.996%, with
secondary regulator value to deliver pressure of max 0.2 bar (~3 psi).

® Quantities of liquid helium as specified in Table 10.2..

® |iquid helium dewar: 250 - 500 liter capacity, with NW25 flange or suitable out-
let compatible with the 12.7mm (1/2").

When ordering the helium the customer should arrange to have it delivered imme-
diately before cooling the magnet to liquid helium temperature. If delivered to the
site much earlier, losses due to evaporation will occur and must be taken into ac-
count (usually 1% of nominal volume/day).

Sub-cooling and Charging the Magnet 10.5.5

The final stage involves sub-cooling the magnet to reduced temperature (~2K)
and bringing the magnet to field. During the charging there is a possibility for the
magnet to experience a quench. The quantities of liquid helium for final cool down
and energization/cryoshimming as well as extra liquid helium required after one
quench are specified in Table 10.2.. The customer is required to provide the cryo-
gens needed for the complete installation including up to two training quenches.

The values of liquid nitrogen and helium in Table 10.2. are the minimum require-
ments. An extra 20-30% of each is advisable, particularly as many suppliers will
take back unused cryogens.
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Table 10.2.

Installation Requirements for the UltraStabilized Magnets

Installation Procedure

Min. Min. Total LNz LHeneeded | 1 ofter
- o needed for cool .
Ceiling Hook Lifting atraining
. : : {o]g down and
Height Height Weight : quench
m) m) (k) precool charging L)
(L) L)
750 WB 4.95 4.25 3,600 2,500 2,500 750
800 4.88 4.25 3,400 2,500 2,500 750
800 US Plus 3.66 3.10 3,400* 2,700 2,000 1,000
800 US? 5.3 4.75 5,300 5,000 4,000 1,500
850 US? 5.3 4.75 5,300 6,000 4,200 2,000
850 WB US? 5.3 4.75 6,600 6,000 4,150 2,000
900 5.3 4.75 5,500 6,000 4,000 1,500
900 US? 5.3 4.75 6,600 7,000 5,000 2,000
950 US? 4.75 6,600 7,000 5,000 2,000
WB= Wide Bore (89 mm); US?= UltraShield-UltraStabilized
* For 800 US Plus - This is the lifting weight uncrated with stand.

User Guide Version 002 BRUKER BIOSPIN

81 (93)



Installation

82 (93) BRUKER BIOSPIN User Guide Version 002



Figures

1 Introduction 7
2 Safety 11
Figure 2.1. Stronger Stray Fields in Vertical Direction than in Horizontal Di-

L(=To1 o o TP 15
3 Equipment 17
4 Magnet Access and Rigging 23
Figure 4.1. Unloading the Magnet ........ccccooiiiiiiiiiiii e, 24
5 Ceiling Height Requirements 29
Figure 5.1. Minimum Hook Height for Assembly ...........cocoiiiiiiinn. 30
Figure 5.2. Helium Transfer Line INSertion .........cccooovviiiniiiiiiiiiiiineees 31
6 Magnetic Stray Fields 33
Figure 6.1. Magnetic Stray Field PIot 750 WB .........coooiiiiiiiiiie, 35
Figure 6.2. Magnetic Stray Field PIot 800 .........ccooiiiiiiiiiiiiiiieeeen, 36
Figure 6.3. Magnetic Stray Field Plot 800 US PIUS ........cooevviiiiiiiinennenn. 37
Figure 6.4. Magnetic Stray Field Plot 800 US2 .........ccooiiiiiiiiiiiiiiineenne. 38
Figure 6.5. Magnetic Stray Field Plot 850 US2 .......c.ccovviviiiiiiieiiicineee, 39
Figure 6.6. Magnetic Stray Field PIot 900 .........ccovviiiiiiiiie e, 40

Figure 6.7. Magnetic Stray Field Plot 850WB US2, 900 US2, 950 US2 ..41

7 Floor Plan 43
Figure 7.1. Magnet DIMENSIONS . ...iiuiiiiiiii e 44
Figure 7.2. UltraStabilized Magnet Orientation ..............ccocevvieiiiiineennn. 45
Figure 7.3. Magnet in Pit with Customized Platform ..................occeeven. 49
Figure 7.4. AVANCE 800 US Plus NMR Layout Example ....................... 53
Figure 7.5. AVANCE 900 UltraStabilized NMR Layout Example ............. 54
Figure 7.6. AVANCE 900 US2 NMR Layout Example ............ccooeveiiennnnns 55
8 Environment and Site Survey Measurement 57
9 Utility Requirements 65
Figure 9.1. Main Electrical Power Requirements Flowchart .................... 66
Figure 9.2. Losses in a Typical Dryer/Filter System Setup .........c...c... 70
Figure 9.3. Emergency QUench Pipes ......cooiiiiiiiiiiiiiiieee e 74
10 Installation 77

User Guide Version 002 BRUKER BIOSPIN 83 (93)



Figures

84 (93) BRUKER BIOSPIN User Guide Version 002



Tables

1 Introduction 7
Table 1.1. Metric to American Conversion Factors .........c..ccoeeevvuneennn. 9
Table 1.2. Temperature Convesion Formulas ...........cccccovviviiniinnnnnen. 9
2 Safety 11
Table 2.1. BGV B11 Standards for Standard Precautions and Users ...
........................................................................................ 12
Table 2.2. BGV B11 Standards Under Special Conditions for Selected
Subgroups 12
Table 2.3. Example of Maximum Retention Periods ........................ 13
3 Equipment 17
Table 3.1. Refill Time Intervals for UltraStabilized Magnets ............. 18
Table 3.2. Spectrometer and Magnet Controls ...........cccoeeviivinninnnn. 19
Table 3.3. CryoProbe System .....c.ooveiiiiii e 21
4 Magnet Access and Rigging 23
Table 4.1. Door Dimensions for Magnet ACCESS .......cevvveeviiineenninnnen. 25
Table 4.2. Magnet Transport Weights ..., 26
5 Ceiling Height Requirements 29
Table 5.1. Minimum Ceiling Height Requirements and Lifting Weights
....................................................................................... 30
6 Magnetic Stray Fields 33
Table 6.1. Horizontal Stray Fields (distances are measured in radial di-
rections from magnet center) 33
Table 6.2. Vertical Stray Fields (distances are measured in axial direc-
tions from magnet center) 33
7 Floor Plan 43
Table 7.1. Dimensions and Weights of NMR Equipment .................. 43
Table 7.2. Mass of UltraStabilized Magnets .........c.ccoeveiiviiieinnnnnnnn. 44
Table 7.3. Maximum Field Strength for NMR Equipment ................. 50
Table 7.4. Utility ReqUIrements .......cc.ooiiiiiiiiiii e 52
8 Environment and Site Survey Measurement 57
Table 8.1. Recommendations for Static Magnetic Objects .............. 60
Table 8.2. Recommendations for Moveable Magnetic Objects ....... 60
Table 8.3. Minimum Distances from Sources of DC EMF Interference .
........................................................................................ 62

User Guide Version 002 BRUKER BIOSPIN 85 (93)



Tables

Table 8.4. List of Most Commonly Studied Nuclei and Corresponding
Resonance Frequencies 64
9 Utility Requirements 65
Table 9.1. Compressed Gas Requirements .........c.coveeiviieeniiineennnn. 69
Table 9.2. He Gas Aftera Quench ..........cccoiiiiiiiiiiiee 72
10 Installation 77
Table 10.1. Magnet Installation Stages .......coocoveeiviiieiiiiiieiiieees 77
Table 10.2. Installation Requirements for the UltraStabilized Magnets ...
....................................................................................... 81

86 (93) BRUKER BIOSPIN User Guide Version 002



Index

A
Active exhaust

.................................................................................................................. 73
] g @] oo 11 o 1 Vo S 71
] oo o 110 11 oo TR 61
AT SKALES ...t 79
] 0] = = 57
ATT=SKAEES .o e e 25
Automatic SAMPIE ChaNQEN ........vvveiiiicce e 66
AULOMODIIES ...t e e e 57
AVANCE Cabinet

Dimensions and Weight...............coooiiiic e 43
AVANCE CabINETS .....oeiiiiiiiiiiee ittt 50
B
B A C S e 68
B-CU 05

Dimensions and Weight...............coooiiriic e 43
BCUODD. ...ttt ettt 68
BCU-05 COONNG UNIt.....coiiieeiiieieiiiiiieie s e e e s e e e e e e e e e aeaee s 67
BIMP C ..ttt 65

DImensions and WeIgNT..........ccvvieiiiiiieee e 43
Bruker Monitoring SYSIEIM .......ccoiiiiiiieiiiiiiiee s e e 66
C
(1T 01141 11 o= ST TP 61
Components

AVBINCE ...ttt e e e e e e e e e e e eeeaaee 19

CIYOPTODE ... e 21
LO70] 001 o] (1T o] £ TSRO PPPTPPPRPRPPTRPRPN 57

CoNStANt fIOW FALE ... 69
CONSITUCHION SIEES...cciiieeiei ittt e e e e e e e e e s bbb e e e e e e aaeeeeeaaananns 57
[0 = 1 PP UTPPTPTPTPRRRR 25
CroygeniC NQUIAS ....ccoiiiieei e a e e 14
Cryocooling Unit

DIimensions and Weight.............uuuiiiiiiii e 43
Cryogenic liquids

StOragE CONLAINEIS....uuiiiiiiie ettt e e e e e e e e e e s s eanb e 14
Cryogens

Cryogenic gas to liquid volume ratios ...........oooieuviiiieiiieieeeee e 13

High pressure gas-packs ........c...euieiiieiiiiiii e 14

Pressure relief VaIVe..... ... 14

REFIl INTEIVAIS. ... 18

Safe handling of cryogenic lIqUIdS ... 14

User Guide Version 002 BRUKER BIOSPIN 87 (93)



Index

88 (93)

Safe handling of helium transfer line............ociiii 15

TrANSPOIT AEWAIS ...t eiitie ettt e et e e eeaeneeas 14
CryoProbe

Dimensions and weights of COMPONENLS ..........cceeeiiiiiieeiiiiiiie e 43
CryOPIODE SYSIEIM ...eiiiiiiiiiiie e 21
D
D.C. Operated traiNS .......eeeiieiiiiiii et 60
DC EMF .ttt e s 61

L CTH]To [=] 1T = USSR 62
DIGITAI LOCK- ... eeeeiitiieee ettt ettt e e seneeeas 61
Dimensions & Weights

MAGNETS ..t 44

NMR EQUIPMENT ...ttt 43
Do To) gfo [109 1T 0153 o] o 0O PPPRURPR 25
E
[ =T ol 1 o o 4 [0 (o 1= PP PPRRET 61
ElectromagnetiC INtErferenCe ........oooveeiiiiiicice e 61, 64
=1LV = L (o ] £ TSRS 61
EMEIgENCY POWET ...ttt e e e n e e 66
EMF INTEITEIENCE .ooviiee ettt re e e e e e e e e e e e e e 61
ol [0 1S o] 174 | 1= TS UPERUPPR 11
F
NS et ee s 57
FerromagnetiC ODJECES........ciiiiiiii e 12,59

MOVING ODJECES ..o 60
Field strength

OFfiCe FUIMITUIE ..oeieeeeee e e e e e e 50
Field strength for NMR EQUIPMENT........cooiiiiiiiiiiiiiiiiie i 50
FIUCtUALING FIEIAS ....eeiiiiiiiiiie e 62
Fluxgate MagnEtOMELEN .........uvviieiiiiiiie ettt 61
G
LCT=T o] =1 o] £ T PP PR 57
H
HE il PO .. e 45
[ 100 0 =T g1 o] o PR 45
HEAT OULPUL.....ceeeieiiiiite e 71
1S U011 o] PRSI 45
Helium

Helium transfer lIN@ .........oov oo 15

Transfer of liquid helium............cooii e 15
Helium Compressor

DImensions and WeIgNt ... 43
HEIUM PUIMPS . e e e e 65

BRUKER BIOSPIN User Guide Version 002



Index

Helium transfer INE ... e 29
HOI TIMIB et e e e senneeeeas 18
HOMOGENEILY ...t s b e e e e 59
Hydraulic ftING SYSIEIM ..o 29
J
Joule-Thompson CooliNg UNit.............euieiiiiiiiieiiiiee e 17
L
LCD ISPIAY ..ttt ettt ettt a e 51
LIftING NOOK ...ttt et 29
M
Y F= Yol o] 0 1= o PP P TP PP PP TPPPPP 57
Magnet

] 7= o [o [P T PP P T UPPPPPPPPPPPPTN 58
Magnet OFENTALION .......coiiiiiiiei et e e 45
MBONET PIES ..ot 49
Magnet PIALFOIMS .......eeiiie e 47
MaGNEL PUMP LINE ...ttt e s 48
MaGNEL PUMP TIN@ .t 45
MBINEL SIAD ... 46
MBAGNET STANG ... 45
MagNEtiC ENVIFONMIENT. ..ottt abbe e e 59
MAGNELIC FIEI ....eeeiii e 11

EXCIUSION ZONE ... 11
YN RSP UUPRPTR 68
MaSS SPECITOMELEIS.......ciiiiiiieieiete e 61
MediCal IMPIANTS ... e 11
Microlmaging Cabinet

DImensions and WeIGNT..........ocueeiiiiiiiie e 43
Minimum Distances from Sources of Electromagnetic Interference ................... 62
MINIMUM DOOF SIZE....eeiiiiiiitieiee ettt e e e e e 25
N
Nitrogen

Safe handling during refillS...........ooooii 14
NMR Equipment

Maximum field StrenGth ... 50
NMR WOPKSTALION ...ttt e e 50
O
(O 7| I OTe] o1 1= o | T PP PP PPT 68
OXYQEN BVl SENSOIS .....eiiiiiiiiiiie ittt 73
P
PaSSIVE EXNAUST ...t 73

User Guide Version 002 BRUKER BIOSPIN 89 (93)



Index

90 (93)

o RO RPOURROTPRRIN 50
P LS ettt e e e b s b e e e e e 49
(g F= U ) P 71, 74
PLAIFOIMIS ..t e st e e 47
[ 0] 115 ST PP PPP PP 50
POWET TINES ...ttt ettt e et e e e e et b e e e e e s b re e e e e naebeas 61
Pressure relief ValVE ... 14
o €101 L= TP PPPPPPP 50
PUMP-TINE e e e e 17
Q
Quench
HE @VAPOIALION... ...ttt 72
QUENCK PIPES ittt e et e e et b e e e nanreas 73
R
RAAIO'S .t 63
Refilling
Refill TIMe INEIVAIS ...cooiiiiiiiiei e 18
RETIHl VOIUME ... 18
Safe handling of liquid NItTOgEN.........coiiiiiiiiiii e 14
Safe transfer of liquid helium ... 15
RE INEEIMEIENCE ... e 63
Rigging Equipment
ATF-SKALES ...t 27
(07 =13 [P P PP PPPRPPPPP 27
Hydraulic lifting SYSIEM .......eiiiii e 29
LeVeliNg SNEELS ... 27
LIftiNG NOOK......eeiiiiiiiiiiee e 29
Lifting hook or hydraulic lifting SyStem ..........cccceviiiiiii i 27
Pallet jack and/or fOrkIift............oooeiiiiiii e 27
RIGOING EQUIPIMENT ...t 27
S
Safety
EXCIUSION ZONE ..ottt 11
Ferromagnetic ODJECES ........cooiiiiiiii e 12
MAGNELIC fIEld .....ccoi e 11
Medically active implants ...........cueeeeeiiiiiiiie e 11
Safe handling of cryogenic liquids ...........coooiiiiiiiiiiiiieee e 14
Safe handling of liquid NItTOgEN.........ooiiiiiiiiii e 14
VENTHALION ... e 13
SPECIHICALIONS ..ottt 68
Steel reinforced WAallS ..........ooiiiiii e 60
Stray Fields
HOFIZONTAL ... 33
Stronger stray fields in vertical direCtion ..........cccceevviiiieiiiiiiiice e 15
VEITICAL ...t 33
SUDWAYS ...ttt e et e e et e e et e e e e e 61
S0 Te ] o PO OPPPPPRTPPPPPT 45
SUPPOIT DEAIMS .o e et e e e r e e e e s anes 45
BRUKER BIOSPIN User Guide Version 002



Index

T
B (ALY (o] g o] (o T=To [07= 1) o 63
BN = 11 T 57
B = 10 11 61
=0 1Y (0] £ 41T 6T 61
Transportation
F N | S 6 1 (1 25
(B0 To] e [0 g T=T 0 1 (0] 0 1T 25
(@)Y 4 g T<T= 1o I o] = 1 o LI 24
[T [0 |1 Lo PP UT TR 27
WEIGNES ..t e e 26
U
UltraStabilized Magnets ... 17
L] ST 65
Dimensions and Weight.............uuuiiiiiii e 43
Vv
AV Z=] 0111 F= 0] o R 13
Emergency Ventilation............ocuuuiiiiiiii e 13
HVAC SYSEBIMS ...ttt e e e e e e e e e e e e e eereebabeaanas 13
When using @ Magnet Pit..........coeiiiiieiiiiiieeie e 49
AV o] £ 1 (0] 1T 57
GUIAEIINES ...ttt e et e et e e e e e s e e e et eaeaaneaees 58
] F= 1 o T 46
010 | (o= T T 57
W
T (=] GO0 ] 01 (=] oL 68
Workstation
Dimensions and Weight.............uuuiiiiiiii e 43

User Guide Version 002 BRUKER BIOSPIN 91 (93)



Index

92 (93) BRUKER BIOSPIN User Guide Version 002



Notes:

User Guide Version 002 BRUKER BIOSPIN 93 (93)



General Safety Considerations for the Installation and

Operation of Superconducting Magnet Systems

Revision 1.1.
Last updated: March 29, 2002

Revision: 1.1. 1
Last Updated: March 29, 2002



oration = 978-667-9580 « www.bruker-biospin.com

List of Contents

Topic Page

Introduction 1
Magnetic Field 2
Magnet Zones S5
Safe Handling of Cryogenic Substances 6
Refill of Liquid Nitrogen 10
Refill of Liquid Helium 11
Ventilation 13
Appendix A: Site Survey Checklist

1. Introduction

1.1 Read this
first!

Revision: 1.1.

Please read it carefully and make it accessible to everybody working with
the magnet system.

* A superconducting NMR Magnet System can be operated easily and safely
provided the correct procedures are obeyed and certain precautions
observed.

* These notes must be read and understood by everyone who comes into
contact with a superconducting NMR Magnet System. They are not for the
sole information of senior or specialist staff.

* Proper training procedures must be undertaken to educate effectively all
people concerned with such equipment with these requirements.

* Since the field of the NMR magnet system is three dimensional,
consideration must be given to floors above and below the magnet as well
as to the surrounding space at the same level

Last Updated: March 29, 2002




1.2 Warning
areas

Revision: 1.1.

The installation and operation of a superconducting NMR magnet system
presents a number of hazards of which all personnel must be aware. It is
essential that:

* Areas, in which NMR magnet systems are to be installed and operated, are
planned with full consideration for safety.

* Such premises and installations are operated in a safe manner and in
accordance with proper procedures.

* Adequate training is given to personnel.

* Clear notices are placed and maintained to effectively warn people that they
are entering a hazardous area.

* All health and safety procedures are observed.

These notes outline aspects of operation and installation which are of
particular importance. However, the recommendations given cannot cover
every eventuality and if any doubt arises during the operation of the system
the user is strongly advised to contact the supplier.

Last Updated: March 29, 2002



2. Magnetic Field

2.1 Overview

2.2 Shielding

2.3 Electronic,
electrical and
mechanical
medical
implants

Revision: 1.1.

Superconducting NMR magnets pose numerous hazards related to the forces
caused by the strong magnetic fields associated to these magnets. Precautions
must be taken to ensure that hazards will not occur due to the effects of a
magnetic field on magnetic materials, or on surgical implants. Such effects
include, but are not limited to:

» Large attractive forces may be exerted on equipment in the proximity of the
NMR magnet system. The force may become large enough to move the
equipment uncontrollably towards the NMR magnet system. Small pieces
of equipment may therefore become projectiles.

» Large equipment (e.g. gas bottles, power supplies) could cause bodies or
limbs to become trapped between the equipment and the magnet.

* The closer a ferromagnetic object gets to the magnet, the larger the force.
Also, the larger the equipment mass, the larger the force.

Most of the newer NMR magnet systems are actively shielded. The
following must be understood when installing or working with such a
shielded magnet:

* The active shielding of the superconducting coil reduces the stray magnetic
fields, and therefore its effects.

* Nevertheless, the magnetic field gradient is much stronger compared to
non-shielded magnets, hence the distance interval between various stray
field contour lines (for instance distance between 5G and 50G) is much
smaller, and caution must be taken to avoid bringing ferromagnetic objects
close to the magnet.

* In spite of the active shielding, the stray magnetic field directly above and
directly below the magnet is very high and the attractive forces on
ferromagnetic objects are very strong!

The following must be understood concerning the effects on electronic,

electrical and mechanical medical implants and devices:

* The operation of electronic, electrical or mechanical medical implants, such
as cardiac pacemakers, biostimulators, and neurostimulators may be
affected or even stopped in the presence of either static or changing
magnetic fields.

* Not all pacemakers respond in the same way or at the same field strength if
exposed to fields above 5 gauss.

Continued on next page
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2. Magnetic Field, continued

2.4. Surgical
implants and
prosthetic
devices

2.5 Operation
of equipment

2.6 Before
ramping the
magnet to field

2.7 After
ramping the
magnet to field

Revision: 1.1.

The following must be understood concerning the effects on surgical implants

and prosthetic devices:

* Besides electronic, electrical, and mechanical medical implants, other
medical surgical implants such as aneurysm clips, surgical clips or
prostheses, may contain ferromagnetic materials and therefore would be
subject to strong attractive forces near to the NMR magnet system. This
could result in injury or death.

* Additionally, in the vicinity of rapidly changing fields (e.g. pulsed gradient
fields) eddy currents may be induced in the implant, hence resulting in heat
generation and possibly create a life-threatening situation.

The operation of equipment may be directly affected by the presence of

strong magnetic fields.

* Items such as watches, tape recorders and cameras may be magnetized and
irreparably damaged if exposed to fields above 10 gauss.

* Information encoded magnetically on credit cards and magnetic tapes may
be irreversibly corrupted.

* Electrical transformers may become magnetically saturated in fields above
50 gauss. The safety characteristics of equipment may also be affected.

Prior to start energizing the magnet system, one must:

* Ensure all loose ferromagnetic objects are removed from within 5 gauss
field of the NMR magnet system.

* Display magnet warning signs at all points of access to the magnet room.

* Display warning signs giving notice of the possible presence of magnetic
fields and of the potential hazards in all areas where the field may exceed 5
gauss.

After energizing the magnet to field, one must:

* Not bring ferromagnetic objects into the magnet room.

* Use only nonmagnetic cylinders and dewars for storage and transfer of
compressed gas or cryogenic liquids.

* Use only non-magnetic equipment to transport cylinders and dewars

Continued on next page
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2. Magnetic Field, continued

2.8 General To prevent situations as described above to occur, the following precautions
safety ) are provided as guidelines, and they should be regarded as minimum
precautions requirements.

* Every magnet site location should be reviewed individually to determine the
precautions needed to be taken against these hazards.

* Consideration must be given to floors above and below the magnet as well
as the surrounding space at the same level, since the magnetic field
produced by the NMR magnets is three dimensional.

Revision. 1.1. 6
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3. Magnet Zones

3.1 The FDA requires that the hazards listed above are prevented by establishing
Introduction two secure and clearly marked zones, as follows:

¢ The exclusion zone, and

* The security zone.

3.2 Exclusion The following must be understood concerning the exclusion zone:

Zone * Definition: The exclusion zone comprises the area (rooms, hallways and so
on) inside the magnets 5-gauss line. Individuals with cardiac or other
mechanically active implants must be prevented from entering this area.

» Extension of magnetic field: The magnetic field surrounds the magnet in a
three dimensional fashion. Access must be limited and warning given to
individuals who are potentially at risk, not only at the same floor as the
magnet, but also at the levels above and below the magnet.

* Warning signs: The exclusion zone must be enforced with a combination
of warning signs and physical barriers. Figure 1 shows the recommended
layout of the warning sign

Figure 1  Warning Sign

WARNING

SUPERCONDUCTING MAGNET
STRONG MAGNETIC FIELD

MAY BE HAZARDOUS TD:

*HEART PACEMAKERS
*MAGNETIC TAPE AND OISKS
*MAGNETIC STRIP CRED!T CARDS
*NON-DIGITAL WATCHES

NQ LOOSE METAL OBJECTS
Nle\ - 51 801 te
- i s mury
AS) it

EAL R34
STRONG MAGNETIC FIELD

NO PACEMAKERS
NO

-
3.3 Security The security zone is usually confined to the room that houses the magnet. The
Zone security zone is established to prevent ferromagnetic objects from becoming
projectiles. Ferromagnetic objects shall not be allowed inside the security
zone.

Revision. 1.1.
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4. Safe Handling of Cryogenic Substances

4.1 Overview

4.2 General
safety rules

Revision: 1.1.

A superconducting magnet uses two types of cyrogens, liquid helium and
liquid nitrogen. Cryogenic liquids can be handled easily and safely provided
certain precautions are obeyed.

The recommendations in this section are by no means exhaustive, and when

in doubt the user is advised to consult the supplier.

» Types of substances: The substances referred to in these recommendations
are nitrogen, helium and air. Contact your cryogen supplier for the
appropriate MSDS sheets for these cryogens.

» Helium: This is a naturally occurring, inert gas that becomes a liquid at
approximately 4K. It is colorless, odorless, non-flammable and non-
toxic. In order to remain in a superconducting state the magnet is
immersed in a bath of liquid helium.

» Nitrogen: This is a naturally occurring gas that becomes liquid at
approximately 77K. It is also colorless, odorless, non-flammable and
non-toxic. It is used to cool the shields, which surround the liquid
helium reservoir.

* Cryogen transport dewars: During normal operation, liquid cryogens
evaporate and will require replenishment on a regular basis. The cryogens
will be delivered to site in transport dewars. It is essential that these
cryogen transport dewars are non-magnetic.

* Physical properties: Safe handling of cryogenic liquids requires some
knowledge of the physical properties of these liquids, common sense and
sufficient understanding to predict the reactions of such liquids under
certain physical conditions.

General safety rules for handling cryogenic substances include, but are not

limited to:

* Cryogenic liquids remain at a constant temperature by their respective
boiling points and will gradually evaporate, even when kept in insulated
storage vessels (dewars)

* Cryogenic liquids must be handled and stored in well ventilated areas.

* Passengers should never accompany cryogens in an elevator. There is a
risk of asphyxiation.

* The very large increase in volume accompanying the vaporization of the
liquid into gas and the subsequent process of warming up is approximately
740:1 for helium and 680:1 for nitrogen.

Continued on next page
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4. Safe Handling of Cryogenic Substances, Continued

4.3 Cryogen The rules concerning the cryogen dewars used to transport cryogenic liquids
transport include, but are not limited to:
dewars * All cryogen dewars transporting cryogenic liquids must not be closed

completely as this would result in a large build up of pressure. This will
present an explosion hazard and may lead to large product losses!
* All cryogen transport dewars must be constructed of non-magnetic

materials.
4.4 Health Main health hazard related rules include, but are not limited to:
hazards * Evacuate the area immediately in the event of a large spillage

* Provide adequate ventilation in the room to avoid oxygen depletion.
Helium can displace air in the upper area of a room and cold nitrogen can
displace air in the lower area. Please see the “Ventilation” section for
detailed information.

* Do not come in direct contact with cryogenic substances in liquid or vapor
form (or as low temperature gases), since they will produce “cold burns” on
the skin similar to burns.

* Do not allow insufficiently protected parts of the body to come in contact
with non-insulated venting pipes or vessels (see “Ventilation” section),
since the body parts will immediately stick to them. This will cause the
flesh be torn if the affected body part is removed.

4.5 First aid First aid rules include, but are not limited to:

* If any of the cryogenic liquids come into contact with eyes or skin,
immediately flood the affected area with large quantities of cold or tepid
water and then apply cold compresses.

* Never use hot water or dry heat.

* Medical advice should be sought immediately!

Continued on next page
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4. Safe Handling of Cryogenic Substances, Continued

4.6 Protective Protective clothing rules include, but are not limited to:
clothing e Protective clothing must be worn mainly to avoid cold burns. Therefore dry
leather or cryogenic gloves must be worn when handling or working with
cryogenic liquids.
* Gloves must be loose fitting so that they can be removed easily in case of
liquid spillage.
* Goggles must be worn to protect the eyes.
* Any metallic objects (e.g. jewelry) should not be worn on those parts of the
body, which may come into contact with the liquid.

4.7 Others Other rules of handling cryogens include, but are not limited to:

* Handle the liquids carefully at all times. Boiling and splashing will always
occur when filling a warm container.

* Beware of liquid splashing and rapid flash off of cryogens when immersing
equipment at ambient temperature into the liquid cryogens. This operation
must be carried out very slowly.

* When inserting open ended pipes into the liquid, never allow open ended
pipes to point directly towards any person

* Use only metal or Teflon tubing connected by flexible metal or Teflon hose
for transferring liquid nitrogen. Use only gum rubber or Teflon tubing.

* Do not use tygon or plastic tubing. They may split or shatter when cooled
by the liquid flowing through it and could cause injury to personnel.

4.8 Smoking Please obey the following basic rules concerning smoking:

* Do not smoke in any rooms in which cryogenic liquids are being handled

* Designate all rooms in which cryogenic liquids are being handled as “No
Smoking” areas, using appropriate signs

Additional facts and precautions:

* While nitrogen and helium do not support combustion, their extreme cold
dewar causes oxygen from the air to condense on the dewar surfaces, which
may increase the oxygen concentration locally.

* There is a particular fire danger if the cold surfaces are covered with oil or
grease, which are combustible. Self-ignition could occur!

Continued on next page
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4. Safe Handling of Cryogenic Substances, Continued

4.9 Properties

of cryogenic Properties Nitrogen Helium
substances

Molecular weight 28 4

Normal boiling point  [°C] -196 -269
[°K] 77 4.2

Approximate expansion ration (volume | 680 740

of gas at 15°C and atmospheric pressure

produced by unit volume of liquid at

normal boiling point).

Density of liquid at normal boiling point | 810 125

kg m”]

Color (liquid) none none

Color (gas) none none

Odor (gas) none none

Toxicity very low very low

Explosion hazard with combustible no no

material

Pressure rupture if liquid or cold gas is yes yes

trapped.

Fire hazard: combustible no no

Fire hazard: promotes ignition directly no no

Fire hazard: liquefies oxygen and no no

promotes ignition

Revision. 1.1.
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5. Refill of Liquid Nitrogen

5.1 Read this
first!

5.2 Condensing
oxygen

5.3 Nitrogen
flow system

5.4 Refill of
liquid nitrogen

Revision: 1.1.

Please read this carefully and make it accessible to anybody working with the

magnet system.

* A shielded superconducting NMR Magnet System can be operated easily
and safely provided the correct procedures are obeyed and certain
precautions observed.

* The recommendations in this section cannot cover every eventuality and if
any doubt arises during the operation of the system, the user is strongly
advised to contact the supplier.

Minimize contact with air. Be aware of the following facts and precautions,

contact with air occurs:

* Since liquid nitrogen is colder than liquid oxygen, the oxygen in the air will
condense out.

* If this happens for a period of time, the oxygen concentration in the liquid
nitrogen may become so high that it becomes as dangerous as handling
liquid oxygen. This applies particularly to wide necked dewars due to the
large surface area.

 Therefore, ensure that contact with air is kept to a minimum.

A pressure relief valve is provided for the nitrogen vessel to ensure that at
least the rear neck tube cannot be blocked by the ingress of air or moisture.
This valve shall be mounted at all times even when the vessel is being
refilled.

Other general rules include, but are not limited to:

* Do not allow liquid nitrogen to spill onto the room temperature bore closure
flanges when the refilling the nitrogen vessel

* Place gum rubber tubes or Teflon tubes on the nitrogen neck tubes during
refill!

* Stop the transfer immediately when the vessel is full. Failure to observe
this can lead to the freezing of the o-rings and a subsequent vacuum loss of
the magnet cryostat.

12
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6. Refill of Liquid Helium

6.1 Read this
first!

6.2 General
rules when
handling liquid
helium

6.3 The helium
vessel

Revision: 1.1.

Please read this carefully and make it accessible to anybody working with the

magnet system.

* A shielded superconducting NMR Magnet System can be operated easily
and safely provided the correct procedures are obeyed and certain
precautions observed.

The recommendations in this section cannot cover every eventuality and if

any doubt arises during the operation of the system, the user is strongly

advised to contact the supplier.

Be aware of these general rules including, but not limited to:

 Liquid helium is the coldest of all cryogenic liquids.

* Liquid helium will condense and solidify any other gas (air) coming into
contact with it.

* Liquid helium must be kept in specially designed storage or transport
dewars.

* Dewars should have a one way valve fitted on the helium neck at all times,
in order to avoid air entering the neck and plugging it with ice.

* Only vacuum insulated pipes should be used for liquid helium transfer.
Breakdown of the insulation may give rise to the condensation of oxygen.

The superconducting NMR magnets contain an inner vessel with liquid

helium.

* The helium vessel should be checked weekly for boil-off and helium level.

* Use a helium flow meter or a helium gas counter!

* A one way valve is supplied to be mounted on the helium manifold to
ensure that the helium neck tubes cannot be locked by the ingress of air or
moisture. This valve should be mounted at all times except during a helium
transfer

Continued on next page
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6. Refill of Liquid Helium, Continued

6.4 Refill of
liquid helium

6.5 Rapid
Helium transfer

Revision: 1.1.

Please follow the following instructions concerning the refill of NMR

magnets with liquid helium:

* Refill the helium vessel within the specified hold time period and certainly
before the level falls below the allowed minimum level listed in the magnet
manual.

* Important Note: Transfer of liquid helium can be done easily and
safely, provided:

» the handling of the helium transfer line is correct,
» the helium transfer line is not damaged, and
» the transfer pressure does not exceed 2 psi.

* Never insert a warm helium transfer line into the cryostat, since the warm
helium gas could lead to a quench of the magnet!

* Always allow the helium transfer line to cool down to helium temperature
before inserting it into the right helium neck tube. You should see liquid
helium leaving of the short end transfer lines for a few moments, before
inserting it into the right helium neck tube.

Do not remove the nitrogen security flow system during any transfer
liquid helium!

During a rapid transfer of liquid helium, super cooling of the liquid nitrogen

occurs. This can lead to the following:

* Decrease of static boil off to zero, and producing a negative pressure in the
nitrogen vessel

e Transfer of air or moisture that can be sucked into the necks of the vessel,
and which would solidify and create ice blockages.

14
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7. Ventilation

7.1 General
safety rules
concerning
ventilation

7.2 Ventilation
during normal
operation

7.3 Emergency
Ventilation
during a
quench and
during magnet
installation

Revision: 1.1.

General safety rules concerning ventilation include, but are no limited to:

* Cryogenic liquids, even when kept in insulated storage dewars, remain at a
constant temperature by their respective boiling points and will gradually
evaporate. These dewars must always be allowed to vent or dangerous
pressure buildup will occur.

* Cryogenic liquids must be handled and stored in well ventilated areas.

* The very large increase in volume accompanying the vaporization of the
liquid into gas and the subsequent process of warming up is approximately
740:1 for helium and 680:1 for nitrogen.

Superconducting magnets use liquid nitrogen and liquid helium as cooling

agents, and a boil-off of liquid cryogens is expected during the normal

operation of the magnet system, as follows:

* Normal boil-off of liquids contained in the magnet based on the given boil-
off specifications

* Boil-off of cryogens during the regular refills with liquid nitrogen and
liquid helium.

The gases are nontoxic and completely harmless as long as adequate
ventilation is provided to avoid suffocation. Rules for ventilation during
normal operation include but are not limited to:

* The NMR magnet system should never be in an airtight room. The magnet
location should be selected such that the door and the ventilation can be
easily reached from all places in the room.

* Room layout, ceiling clearance and magnet height should be such that an
easy transfer of liquid nitrogen and helium is possible. This will
considerably reduce the risk of accidents.

A separate emergency ventilation system should be provided to prevent
oxygen depletion in case of a quench or during the magnet installation.

During a quench, an extremely large quantity of helium gas (i.e. 1,500 to
21,000 ft’ depending on the magnet type) are produced within a short time

During the installation and cooling of superconducting magnets, under certain
conditions, large volumes of nitrogen or helium gases may be generated.

Continued on next page
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7. Ventilation, continued

7.3 Emergency

Although these gases are inert, if generated in large enough quantities, they

Ventilation can create dangerous circumstances if they displace the oxygen in the room.
during a The table below illustrates this with examples.
quench and Notes:
?nusl;:;lga :?Oal:gnet * The values below are approximate may not reflect actual conditions. They
(continued) are to be gsed for example only.
* Pre-cool times vary.
* Quench times are generally longer.
* Please consult with Bruker BioSpin for values associated to your NMR
magnet system
Magnet type N2 gas Time to He gas Time to He gas Time to
liberated liberate N2 liberated evolve He liberated liberate
during gas during during gas during during a He gas
pre-cool pre-cool Cooling and | cooling and “quench” during a
filling filling “quench”
UltraShield | 3,600 f© | 4 hours 5300 ft |3 hours 1,400 f | 0.5 minute
300/54
UltraShield | 31,500 f® |24 hours | 30,000 f* | 6 hours 11,800 f* | 1 minute
700/54

7.4 Emergency
exhaust

Revision: 1.1.

There are various types of emergency exhaust that can be implemented to
avoid oxygen depletion during a quench or during the installation of the

magnet system. These include, but are not limited to:

» Active exhaust: This solution is based on a motorized fan, vents, and

exhaust duct pipe that is not connected to the magnet itself. The exhaust
should be activated both automatically by an O2 sensor, as well as manually
by a switch in the room. The latter is needed during magnet installation and
regular refills to prevent cryogen build-up in the room by evacuating them

faster than the regular HVAC system.

 Passive exhaust: This solution is based on louvers in the ceiling that open

by the gas due to the overpressure of helium gas during a quench.

Last Updated: March 29, 2002
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7. Ventilation, continued

7.4 Emergency

exhaust
(continued)

7.5 Oxygen
monitor and
level sensors

Revision: 1.1.

* Quench pipe: This solution is based on a pipe connected directly to the

magnet, which is then routed to the outside of the building. It is important
to note the following:

>

>

>

Ideally, the helium exhaust from the magnet should be vented directly to
the outside of the building in case a quench occurs.

The ducting to the outside of the building should be of large enough
diameter to avoid excessive pressure build up due to the flow impedance
of the duct.

The location of the exit end of the exhaust duct must not allow
unrestricted access to anyone other than service personnel; in addition
the exit opening should be protected from the ingress of rain, snow or
any debris which could block the system.

It is also essential to ensure that any gas which vents from the exhaust
duct cannot be drawn in to any air conditioning or ventilation system
intakes. The location of duct’s exit should be carefully sited to prevent
this from happening in all atmospheric conditions and winds.

Insulation of accessible exhaust piping should also be provided to
prevent cold burns during a quench.

» Exhaust for magnet pits: Special attention to ventilation and emergency

exhaust must be given when magnets are placed inside pits. Magnet pits are
confined spaces with a possibility of increased risk of oxygen depletion if
appropriate exhaust measures are not taken.

>

>

Nitrogen is heavier than the air and starts filling the pit from the bottom
during the magnet pre-cool or regular nitrogen fills

It is essential to provide a low exhaust system down inside the pit to
efficiently evacuate the nitrogen gas and prevent oxygen depletion

An oxygen monitor is required inside the magnet room. The following
sensors should be provided:
* Above the magnet: One oxygen level sensor above the magnet, to detect

low oxygen levels due mainly to He gas

* Close to floor: One oxygen level sensor 1’ off the floor of the magnet room
* Down in the pit: One additional oxygen level sensor 1’ off the bottom of

the pit, in case the magnet is located inside a pit.

17
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AVANCE™ UltraStabilized™
PRE-INSTALLATION SITING REVIEW, Rev. 3.0, January 2006

CUSTOMER INFORMATION

Institution:

Users Name/Title:

E-mail
Phone

Name of person
filling out this form:

Date:

Magnet Type

[ ]750 MHz WB
[ ]800 MHz
[]800 US? MHz
[ ]900 MHz

[ ] Other

Accessories

[ 1 MAS
[ ] Solids

[ ] BCU-05 Cooling Unit

[ ] BACS Sample Changer, NMR Case
[ ] CryoProbe

[ ] u Imaging

[ lOther

Expected Date of Delivery and Start of Installation:
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NMR SYSTEM AND LARGE PACKAGES DELIVERY ADDRESS:

End Users Name:
Phone:
E-mail:

Facility manager:
Phone:
E-mail:

Receiving hours of operation:

FEDEX , UPS, MAIL — REGULAR PACKAGES DELIVERY ADDRESS

Receiving hours of operation:
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1. ACCESS AND RIGGING

Delivery Area e |s there sufficient space in the driveway or parking for the overhead crane
and Off-loading  and for the delivery flat-bed truck?
a

e Is there sufficient leveled area for uncrating the magnet crate?
a

e Distance of reach for the crane, estimated crane size needed
a

e Is access to the NMR room being done with a crane through hatch in the
roof?
a

e Is the NMR room at a different elevation relative to the delivery area? If
yes, explain how is the access to the NMR room being done
a

e Is access to the NMR room requiring air-skates?
a

Continued on next page
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ACCESS AND RIGGING, continued

Access to the e Is there a suitable leveled slab (pad) in front of the access doors for

NMR Room positioning the magnet on air-skates? Is the slab capable to handle the size
and weight of the magnet?
a

e Are masonite sheets needed to correct imperfections and protect flooring?
a

e Clearances along the access path from the delivery area to the NMR room
a

¢ Load bearing capacity along the access path
a

e Access of fork-truck or palette-jack
a

Rigging inside e Fixed lifting hook in the ceiling/beam:
the lab for o Hook height (floor to bottom of ceiling hook)

magnet lifting
o Max. lifting load
o Height clearance from floor to hook of hoist system

e Hydraulic lift system with I-beam
o Height clearance for setting-up the hydraulic lift system:

e Bruker special hydraulic lift system:
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2. CEILING HEIGHT REQUIREMENTS

Height for
lifting magnet

Height for
magnet
energization

Height above
He dewars

Obstructions
above and
below magnet

e Ceiling height from the floor to underside of ceiling:
e Ceiling hook height if applicable:

e Footprint of ceiling above magnet with max. height clearance:

e Final ceiling height above magnet measured from the floor:

e Type of energizing rods (standard or bendable):

e Ceiling height above He transport dewar measured from the floor:
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3. FLOOR PLAN

Stray Fields e Is the 5G line completely enclosed within the NMR room?
a
e Is the magnet He cooling pump unit as well as the He compressor for the
CryoProbe going to be located outside the 5G line?
a

Magnet Pit e Footprint of the magnet pit:
e Depth of the pit:
e Reinforcement in the slab and walls of the pit:

Magnet Slab e Is the magnet going to be placed on its own slab, isolated from the rest of

the floor of the NMR room?
o

e Is the isolation preventing the transmission of both vertical and horizontal
vibrations? How is the isolation being done?
o

e Size of the magnet slab:

e Type of reinforcement used for the magnet slab:

e Type of reinforcement is used for the main floor of the NMR room:

Magnet e Material:
Platform e Overall footprint of the magnet platform:
e Is the magnet platform going to be supported from the outside the magnet
slab?
a

e Are the support posts going to interfere with the magnet, with the access to
the magnet, or with the installation of the CryoProbe?

e Diameter of the circular opening:

e Height of the platform deck:

e Border around the opening:

e Removable section to allow for magnet access:

Continued on next page
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3. FLOOR PLAN, continued

Magnet
Orientation

Trenches

Magnet Pump
Line — Route to
the Pump Unit

e Stairs of the platform:

e Magnet Manifold:

e He fill port, He supply dewars

e Front of magnet stand, CryoProbe, Shims:

e Are there any trenches? If yes, please describe the scope and provide
dimensions.
a

e Route of magnet pump line:

NMR e UPS, Pump unit, BMPC, Avance cabinet, workstation:
Equipment

e BCU-05:
CryoProbe e CryoCooling unit:
Siting

e Transfer lines from CryoProbe to the CryoCooling unit:

e Buck-booster transformer:

e He compressor:

e Water chiller, and water quality:

e He gas cylinder (high purity):

e Back-up gas cylinder:

Continued on next page
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3. FLOOR PLAN, continued

Floor plan
drawing
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4. ENVIRONMENT AND SITE SURVEY MEASUREMENTS

Vibrations e Measurements on the magnet slab and outside the slab
e Sources of vibrations:
e Expected vertical accelerations on the magnet with the standard vibration
isolation units (inflatable Firestone tires) activated:

Magnetic e Is there any iron mass including reinforcement in the walls and floor that is
Environment present within an area of 12’ (4 m) radius from the magnet center (MC)?
Q

e Are there any steel beams, columns radiators, plumbing pipes, metal tables,
metal doors, filing cabinets, or other massive static steel objects within an
area of 14’ (4.3 m) radius from MC?

a

e Is there any moving iron mass present within an area of 20’ (6 m) from
MC?

a

e Are there any moving steel objects as large metal doors, hand trolley, or any
large steel parts of rotatory machines and other mechanical equipment
present within an area of 30” (10 m) radius from MC?

a

o Are there any elevators, trucks, cars, fork-lifts and alike being operated

within 45° (14 m) distance from MC?

a
e Are there any trains passing within 120’ (37 m) distance from MC?
a
Continued on next page
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4. ENVIRONMENT AND SITE SURVEY MEASUREMENTS,

Continued

EMF e DC: a) Are there any trains, subways, trams or associated DC power lines
Interference present within 600 (~ 190 m) distance from MC? b) Are there any mass
spectrometers located into the room or adjacent spaces?
a

o DC EMF measurements

e AC: Are there any large transformers, AC power lines, or powerful lighting
in close proximity to the magnet location?
o
o AC 60Hz EMF measurements

e RF: a) Are there any known TV / Radio Stations, Cellular Phone Towers
and Antennas, or other possible sources of RF in the building or within a
radius of 5 miles (~8 km)? b) Are there any other NMR or MRI systems
operating at the same resonance frequency?
a
o Details on possible RF sources
o RF analysis
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5. UTILITY REQUIREMENTS

Electrical
Power, phone
line commun.

Compressed
gas

Water

e Main Power Disconnect Box: 208V/60A single phase
. idditional 208V single phase NEMA L6-30R (1), L6-20R (2)
. ?10V outlets:
a
e Power for the CryoCooling. Would a UPS cover it?
. ElPower for the He compressor. Is it on emergency power?
J ElPower for BCU-05:
. EIPower for the workstation. Would a UPS cover it?
. ElBack-up emergency generator:
. ID:ax / modem dedicated line:
a

(Refer to the Site Planning Manual for non-North American requirements)

e Air:
a
e Nitrogen:
Q
e Pressure
e Flow:
o N2 separator:

e Chiller and quality specs for water (CryoProbe with indoor water-cooled He
compressor
a

Continued on next page
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5. UTILITY REQUIREMENTS, continued

Lighting e Types of lights:
o
e Are all lights at least 10” (3 m) away from the magnet center?
a
e Are there any spot lights on the magnet?
a
HVAC e |s there an HVAC system dedicated to the NMR room?
a
e |s the air flow into the NMR room continuous:
a
e How is the air temperature control being done? Are there any control
switches operating the HVAC that may cause oscillations in
flow/temperature:
a
e Is the HVAC exchanging a large air-volume and are there any air drafts
inside the NMR room associated to it?
a
e Is there noticeable noise (acoustical vibrations) produced by the HVAC
system?
a
e Is there ductwork present in the room or adjacent space, what is the material
that is made out of, and does it show signs of vibrations?
e Location of air supply diffusers and return (exhaust) grills
a
e |s there any air draft towards magnet or console?
o
e Are there any windows in the NMR room and any direct sunlight in the
space?
a
e What is expected temperature stability inside the NMR room, in the area of
the magnet and console?
Continued on next page
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5. UTILITY REQUIREMENTS, continued

Emergency Gas e Space volume available in the NMR room (approx.):
Exhaust, and

misc. utilities ¢ VVolume of He gas after a quench:

e Calculated height of He gas cloud (measured from the floor) after a quench:

e Type of emergency exhaust:
o Passive (louver):
o Active (fan) and activation:
o Quench pipe:

¢ Ventilation required during the installation (cooling of magnet) and follow-
up cryogen fills:

e Make-up air for emergencies:
e Location of smoke detectors:
e Location and type of sprinkler heads”

e 02 sensors - in the upper part as well as lower part of the room?
o Location
o Automatic switch-on of the emergency exhaust
o Heat sensors wired-in to the O2 sensors
e Manual override button for emergency exhaust / conditions:
a

Cryogens e Cryogen storage room:

e Cryogens needed for the installation:
o Liquid cryogens: LN2 and LHe
o Gases

¢ What is the access path for cryogen supply dewars, and are all openings
large enough for these dewars. Is the access path for the cryogen dewars
intrude into the 5G areas of adjacent magnets?

e High purity He gas for the CryoProbe:

e Back-up N2 or air for the CryoProbe (assumes the sample protection is
included with the order):
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6. DECLARATION BY THE INSTALLATION CONTACT

Declaration by
the Installation

I acknowledge receipt of the Bruker BioSpin document entitled “General
Safety Considerations for the Operation and Installation of Superconducting

Contact Magnets”l
I confirm that, to the best of my knowledge and belief, the information that |
have given in sections 1 — 5 of this Site Planning Checklist is accurate.
For safety reasons | agree that the Bruker BioSpin installation engineer will
not be allowed to work alone at any time, and his work will be suspended if
left unaccompanied.
I understand that after the magnet has been installed, for safety reasons,
routine maintenance tasks involving transfer of cryogenic liquids must be
performed by personnel formally trained to do so.
Signature of Installation Contact:
Name of Installation Contact: ...
Date:
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7. DECLARATION BY THE SAFETY OFFICER

Safety Officer ~ Your Site Safety Officer must complete this section.

Magnet Lab Safety Officer’sname ...,
Magnet Lab Safety Officer’s telephone number ..................ooiinl .
Magnet Lab Safety Officer’s e-mail address — ........coooviiiiiiiiiiinnnns

Safety Hazards: Please describe any existing hazards present on your site
that our Installation Engineer should be aware of e.g. chemicals/acids, laser
equipment, radioactive sources, other magnetic devices, etc.

Induction Training: If you feel that our Installation Engineer will require
Induction Training to prepare him for the hazards on your site, please indicate
the type and duration of such training:

Cryogen Storage: Is there a facility for the safe storage of cryogens and gas
cylinders on your site?
[ ]Yes If NO, briefly eXplain..........cooveieeeiie e e

L N O e e,

Cryogen Transportation: What arrangements do you have to safely
transport cryogen dewars from the delivery point to their final point of use?

Note: Users are reminded that personnel must never accompany cryogen
dewars in elevators.
02 Monitor: Will an oxygen level monitoring device be available at the

magnet’s location?
[ ]Yes If N0, briefly eXplain..........cooveiieiie e e

L N e

Lifting Equipment: Are records/certificates available to confirm that the
lifting equipment to be used to move and assemble the magnet is in sound
condition and subject to regular examinations?

[ ]Yes If N0, briefly eXplain..........cooveiieiie e e
L N O e
Continued on next page
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7. DECLARATION BY THE SAFETY OFFICER, continued

Declaration by

I acknowledge receipt of the Bruker BioSpin document entitled “General

the Safety Safety Considerations for the Operation and Installation of Superconducting
Officer Magnets”.
I confirm that, to the best of my knowledge and belief, the safety information
that I have given in this section 7 of the Site Planning Checklist is accurate.
For safety reasons | agree that the Bruker BioSpin installation engineer will
not be allowed to work alone at any time, and his work will be suspended if
left unaccompanied.
I understand that after the magnet has been installed, for safety reasons,
routine maintenance tasks involving transfer of cryogenic liquids must be
performed by personnel formally trained to do so.
Signature of Site Safety Officer:
Date:
Name of Site Safety Officer:
Telephone:
Fax:
E-mail:
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