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1. INTRODUCTION

The European Spallation Source (ESS) is an accelerator-driven neutron spallation source. The linear
accelerator (LINAC) of which is a critical component. The role of the accelerator is to create protons
at the ion source, accelerates them to an appropriate energy, and steers them onto the target to
create neutrons via the spallation process for use by a suite of research instruments.

2.  SCOPE

The ESS Vacuum Handbook comprises four (4) parts:

ESS Vacuum Handbook Part 1 — General Requirements for the ESS Technical Vacuum Systems,
ESS Vacuum Handbook Part 2 — Vacuum Equipment Standardization,

ESS Vacuum Handbook Part 3 — Vacuum Design & Fabrication, and

ESS Vacuum Handbook Part 4 — Vacuum Test Manual

This Vacuum Handbook (VH) part 1 provides guidelines, and imposes requirements where
necessary, for the definition of equipment and processes associated with the vacuum systems of
the Accelerator, Target and Neutron Instruments. The VH is applicable to all vacuum components
and systems exposed to a technical vacuum environment.

This VH, a level 2 requirement, is to ensure that consistent standards are employed throughout all
the accelerator, target and neutron instrument vacuum systems and hardware.

This VH will be periodically updated throughout the life of the ESS project. Queries or additional
information concerning the contents of this VHB should be addressed to the ESS Vacuum Group
Section Leader (VGL).

3. RESPONSIBILITIES

The ESS vacuum team has overall responsibility for all technical vacuum systems used on the
Accelerator, Target and Neutron Scattering Instrument Systems and has the responsibility to
provide guidance and on-going support and oversight to ensure the implementation of compatible
vacuum designs for e.g. vacuum chambers, components and other equipment exposed to a
technical vacuum environment. This responsibility extends to supporting these systems during
commissioning and operations.

4. PROCUREMENT POLICY

Please refer to tender documents for information regarding procurement.

5. CLASSIFICATION OF PRESSURE RANGES

In the VH the following classes of vacuum level have been assigned to the following pressure
ranges (ISO 3529-1:2019):

e Low (rough) vacuum (RV): prevailing atmospheric 110 kPa to 100 Pa (1 mbar)
e Medium (fine) vacuum: <100 Pa to 0.1 Pa (1 mbar to 1.10°3 mbar)
e High vacuum (HV): <0.1 Pa to 1.10® Pa (10° to 108 mbar)
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e Ultra-High Vacuum (UHV): <1.10® to 10° Pa (10® to 10" mbar)
e Extreme-high vacuum (XHV): below 1.10 Pa (below 1.10""" mbar)

5.1.  Operating Pressures

5.1.1. Accelerator

Typical vacuum levels in the accelerator, except for the front-end systems, will be in the <10° Pa
(10°® mbar) Nitrogen equivalent (NE) range. While the pressure required to minimize interaction of
the proton beam with the rest gas will be in the 0.1 Pa (10 mbar) range, the operational pressure
is driven by the long-term operation requirements of the vacuum pumps and gauge sensors
which requires pressures below 10 Pa (10" mbar) to achieve > 60.000 hours of operation. In
addition, gas flow into the cryomodules must be minimized in order to limit the mono-molecule
build-up of residual gases in the cavities.

5.1.2. Target

The requirements for target systems were defined including the drift pipe connecting the
accelerator to the Target area, the Proton Beam chamber including the instrumentation
and the Proton Beam Window (PBW), and the monolith with the target wheel, Neutron
Beam insert with the first neutron optics, and all the inner shields and instrumentations.
Also, it is included on the specifications to take in account the moderator (liquid hydrogen)
and the target wheel helium cooling system. It was decided by Target division and agreed
by Vacuum Group to postpone the option of operation without the PWB. The Target was
design for an operational vacuum pressure lower than 100 Pa (1 mbar) having a Proton
Beam Window installed under rough vacuum.

To archive that, it was agreed to build the all vessels, and inner components under HV
requirements for vacuum specifications, including flanges and gaskets, welding
procedures, cleanliness, leak rates and pressure code as required.

5.1.3. Neutron Scattering Instruments

Detectors Vessels

Vacuum levels required for the various detectors will vary depending on the science to be
performed but will typically be in the 1 Pa to 10 Pa (107 to 10 mbar) range. The Instrument
Division will specify, on a case-by-case basis, the specific vacuum requirements for each detector
vessel.

Neutron Guides

Neutron guides will be designed to operate in the 0.1 Pa to 10 Pa (10 to 10™* mbar) range to
minimize the neutron beam interaction with the rest gas.

Choppers

Choppers will be designed to operate in the 0.1 Pa to 102 Pa (107 to 10 mbar) range to minimize
the neutron beam interaction with the rest gas and minimize windage losses.
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6. VACUUM WORK FLOW

The following workflow is to be implemented, with applicable documents sent to the ESS vacuum
group (VG) for review and/or approval.

A technical contact person shall be nominated by each group/ system/ IKC as the point of contact
with the ESS VG.

Vacuum related activities will include but not limited to:

1) Review of technical documents, e.g. pressure simulations, drawings, manufacturing plans,
test procedures and reports, etc.

2) The review and approval of formal requests for use of Unlisted Materials, section 8 of the
VH.

3) Conducting of on-site inspection of vacuum related components and equipment.

4) Witnessing of tests on vacuum components and systems on an as required basis.

7. HEALTH AND SAFETY CONSIDERATIONS

Many of the chemicals and processes described in this document are subject to control and
regulation under various parts of the European Agency for Safety and Health at Work or other
judicial authorities. Any persons or companies using chemicals and processes must ensure that
they are conversant with the requirements for the implementation of all applicable Legislation
and/or Regulations.

7.1.  Pressure Rating of Vacuum Vessels and Components

A vacuum system consists of a vessel and its associated piping and components evacuated below
atmospheric pressure. Pressurization above the design rating can occur as the result of a failure of
a containment boundary releasing e.g. gas or cryogens entering into the vacuum envelope or the
venting of the vacuum volume with gas from an external source. Under normal circumstances it
desirable to limit by design or engineering controls the vacuum vessel to vacuum service only. This
avoids the complication involved in rating the vacuum vessel as a pressure vessel together with the
additional costs involved. The guidelines for the rating of vacuum vessels will be determined by the
categories describes below:

Category | Vacuum Vessels in which the differential operating pressure across the vacuum
boundary can never exceed 1 bar. This would be the case for a vacuum vessel that is always vented
to air at atmospheric pressure.

Category Il Vacuum Vessels that those are protected from credible failures that could create a
pressurization exceeding 1 bar through the use of engineering controls such as pressure relief
devices. In general, this will be the situation for most of the vacuum vessels installed and operated
at ESS. It is desirable in most cases to keep the vessel dry, avoiding moisture in the vessel that
would occur if the vessel were to vented to atmosphere. This is especially important for the
accelerator. When venting is from a pressurized gas source, pressure relive devices must be
installed both at the source and also at the vacuum vessel. Since the gas source will be pressure
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regulated, the pressure relief device must be suitably sized to protect the vacuum vessel in the case
of failure of this device.

Category lll Vacuum Vessels are such that they are not or cannot be protected from credible
failures that could create pressurization exceeding 1 bar. In this case these vessels will need to be
designed as a pressure vessel in accordance with applicable codes.

8. GENERAL GUIDE TO THE SELECTION OF MATERIALS

8.1.  Ultra High Vacuum Applications

In general, the term UHV applies to any vacuum applications where the pressure requirement is
<10°Pa (<108 mbar).

Materials used for ALL vacuum systems and components of the accelerator and other systems
exposed to vacuum and operating at <10°Pa (<10°® mbar) shall be selected from the approved list
of materials for UHV applications UNLESS specific approval is given in writing by the ESS VGL.

It is important to ensure that the correct fabrication techniques (e.g. only the use of water-soluble
machining lubricants for manufacture,) handling and cleaning procedures are used so as not to
compromise the vacuum performance of the selected material.

Approved UHV Materials List:

e Stainless Steel ASTM type 304 & 316 series or ISO equivalent
e Copper OFHC (phosphorous de-oxidized grade shall not be used)
e Aluminium and its alloys. Do not use cast components.

e Gold

e Silver

e Titanium

e Molybdenum
e Platinum

e Beryllium Copper
e Ceramic (as Al203) >90%
e Machinable glass (Macor)

Prohibited Materials List:

e Brass

e Soft Solder

e Standard Hard Solder
e Electrical Solder

e All Plastics

e ASTM type 303, free cutting stainless steel
o All Glues

e Greases

e Silicon or sulphur-based machining lubricants when machining any components (only
water-soluble machining lubricants are permitted)
e GE Varnish
e Anodized surfaces or any mechanically polished components
6(9)
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e Any material containing: Zinc, Cadmium, Phosphorus, Sodium, Selenium, Potassium or
Magnesium

8.2. High and Rough Vacuum Applications

Materials approved for UHV applications are also suitable for high vacuum use. In addition, some
of the materials specifically prohibited from use for UHV applications maybe suitable for the high
vacuum use. Contact the ESS VG for assistance in the selection of alternate materials.

8.3. Unlisted Materials

The material list provided above is not extensive and a request can be made to the VGL to use an
unlisted material. A request shall be submitted to the ESS VGL for test and approval. An out-
gassing measurements study will be conducted to establish if the material being considered is
suitable for vacuum service in the application proposed. Some materials will not be provided with
blanket approval, e.g. insulated cable, which, in general, is procured on a batch-to-batch basis. In
this case approval will be given, subjected to satisfactory out-gassing test measurements on the
tested sample, for the use on that batch of material only.

Appendix A shows the template used for the Outgassing report at ESS Vacuum Group laboratory.

9.  APPLICABLE DOCUMENTS

In the case of conflict, with the requirements stated in this VH, the VH shall take precedence. If the
requirements of the VH are in conflict with Legislation and/or Regulations then these conflicts are
to be brought to the attention of the VGL for resolution.
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ESS outgassing report
Date: Date:

] OUTGﬂSSr'NG TEST P OUTGASSING TEST T eusopean
Ref. number: . Ref. number: of €55 | suimon
ESS-yyvyy zz277777777 ESSAYYYYY zzzzzzE SouRcE

SAMPLE DESCRIPTION
Material: Provider: ‘Who asked for the measurement:
Dimension: Surface:
Reason/why:
Comments aboul
the sample. Pictures
ANNEX 1 - OUTGASSING EVOLUTION CURVE
Comments:
TEST FACILITY AND EQUIFMENT
ESS outgassing test facility (See ANNEX 3).
Test g g to ] Me REF 3].
Gauges:
Calibrated according to: RGA: Note:
PRE-TEST TREATMENTS Total time in load lock: X h xx min
Cleaning: l Bake-out:
BLANK TEST
Chamber Gas-Load: 9x10-'" mbar U's. [ RGA scan: Scan blank (see ANNEX 4)
PREPUMPING IN THE LOADLOCK CHAMBER
Time to reach <10+ mbar: [ Total time in the load lock:
TEST PERFORMED AT: Y'Y degrees Celsius
OUTGASSING DATA WITH BACKGROUND SUBTRACTED [mbar Vsiem?]
OGR @ 1hour: OGR @ 10hours: [ OGR i@ 138hours: RGA scan
REFERENCES
REF 1. 1SO/IEC 17025:2017 General requirements for the competence of
testing and calibration laboratories
REF 2. ). Vac. Sci. Technol. A 25(1) Jan/Feb 2007 - Recommended practice for process sampling for
for partial pressure analysis.
REF 3. AVS recommended practice - practices for ing and repart
ssing data.
Test executor: Checker: I Approver:

ANNEX2 - RGASCAN

N2 pressure equivalent in the sample chamber (mbar) |

1h I 10h I 100h |

Zx L1 [ Y XYY [ Sx S8 ]

Comment:

ANNEX 3 - ESS OUTGASSING TEST FACILITY SCHEMATICS

laton e 01

Turbo. 0

Outgassing vacuum flow diagram
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11.  GLOSSARY

Term Definition

ESS European Spallation Source

HV High Vacuum

IKC In Kind Contributor

LINAC Linear Accelerator

RV Rough Vacuum

NE Nitrogen Equivalent

UHV Ultra-High Vacuum

VG Vacuum Group

VH Vacuum Handbook

VGL Vacuum Group Section Leader
DOCUMENT REVISION HISTORY
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