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Agenda

Main topics addressed

Current design of the Accelerator HVAC system during normal 
operation…

Overview of a concept of fire control in the tunnel…

On-going and foreseen safety studies…

Planning for the Accelerator HVAC system… 

Safety approach against Oxygen Deficiency Hazard in the tunnel…



Accelerator Air Management System
Introduction - ESS Project

Ion source

Target

Accelerator tunnel

21 High Beta CM
9 Medium Beta CM

13 Spoke CM

Total 146 SRF cavities

Accelerator HVAC 
system 2016

Energy: 2 GeV
Current: 62.5 mA
Average power: 5 MW
Pulse: 2.86 ms
Frequency: 14 Hz



Accelerator Air Management System
Introduction

European 
Spallation Source 

(ESS)

Operations, ES&H 
and QA
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Administration 
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Integrated 
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Science 
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Conventional 
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Des ign Group
Construction 

Group
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ESS Organization chart (simplified)

① ②

① Specifies the Safety requirements for the design of the HVAC system (e.g. fire control philosophy, 
minimum air renewal for workers, minimum air flush before access, etc.)

② Specifies the performance requirements for the design of the HVAC system (e.g. temperature and 
humidity control) and provides support for the mitigation of the safety issues (e.g. CFD simulations, hazard
analysis, etc.)

③ Designs the HVAC system according to the requirements provided by the Accelerator and ES&H Divisions

Main stakeholders in the design of the Accelerator 
HVAC system

③



Accelerator Air Management System
Introduction

Overview of the Accelerator areas

Main requirements
 Maintain a negative pressure 

with respect to the outdoors
and the klystron gallery

 Provide necessary fresh air for 
occupants during maintenance

 Control the smokes in case of a 
fire

 Control the helium releases in 
case of a discharge

G02: Klystron gallery

G01

FEB: Front-End Building
AT: Accelerator Tunnel
HLB: HEBT Loading Bay
A2T: Accelerator to Target
BD: Beam Dump

G01

HLB

BD
A2T

AT

FEB
ACKNOWLEDGEMENT : N.GAZIS



Accelerator Air Management System
Current design

Air supply system

Air exhaust system

+ Fire suppression system

4 Ventilation modes
① « Beam mode »

② « Flush mode »

③ « Access mode »

④ « Fire mode »

ACKNOWLEDGEMENT : M.KELFVE



Accelerator Air Management System
Current Design

① BEAM MODE

Proton beam

Air inlet: 6300 m3/h (0.5 ACH)
Air outlet: 12 600 m3/h (1 ACH)
Estimated air leaks: 6300 m3/h (0.5 ACH)

ΔP vs Klystron Gallery = -120 Pa and -140 Pa (currently under discussion)

ΔP vs outdoors = between -120 Pa and -140 Pa (currently under discussion)

6300 m3/h

12 600 m3/h

ACKNOWLEDGEMENT : M.KELFVE



Accelerator Air Management System
Current Design

② FLUSH MODE

Proton beam

Air inlet: 25 200 m3/h (2 ACH)
Air outlet: 31 500 m3/h (2.5 ACH)
Estimated air leaks: 6300 m3/h (0.5 ACH)

ΔP vs Klystron Gallery = -120 Pa and -140 Pa (currently under discussion)

ΔP vs outdoors = between -120 Pa and -140 Pa (currently under discussion)

ACKNOWLEDGEMENT : M.KELFVE

25 200 m3/h

31 500 m3/h



Accelerator Air Management System
Current Design

③ ACCESS MODE

Air inlet: 25 200 m3/h (2 ACH)
Air outlet: 25 200 m3/h (2 ACH)

ΔP vs Klystron Gallery = no under pressure required (currently under discussion)

ΔP vs outdoors = no under pressure required (currently under discussion)

25 200 m3/h

ACKNOWLEDGEMENT : M.KELFVE

25 200 m3/h



Accelerator Air Management System
Fire control concept in the tunnel 

Proton beam

ΔP

T

Status: currently under discussion with Conventional Facilities and ES&H…

HEPA Filter

Fire damper

Air supply

Air exhaust

Smoke detector

R

Water tank

ΔP Pressure monitor R Radiation monitor

Preliminary design

Fire suppression heads

Concrete walls 
R60

Control valve

T Temperature sensor



Accelerator Air Management System
Fire control concept in the tunnel 

Proton beam

ΔP

T

Air supply

Air exhaust

R

Step 1: a fire occurs in the tunnel

Step 2: the fire is detected by the smoke detection system

Step 3: the fire alarm is sent, the fire damper of the air supply closes, the proton beam stops and the fire suppression 
system triggers (opening of the control valve) upon detection of the fire and melting of the fusible alloy (O2  and 
dynamic confinement preserved)

Step 4: if the filter gets clogged or the maximum operative temperature is exceeded, the fire damper of the air exhaust 
closes

ΔP

T

≈ 135 m between 2 emergency exits

Fire event



Accelerator Air Management System
Fire control concept in the tunnel 

Pre-action system

Main aspects:

Double security regarding unwanted activation

Very well known and reliable system (e.g. pipe integrity monitored (air tightness))

Low amount of water in case of a fire (600 l)

Sectioned into 8 smaller subsystems

Fairly low cost  €270.000

No standing activated water in the tunnel

ACKNOWLEDGEMENT : M.KELFVE



Accelerator Air Management System
Oxygen Deficiency Hazard in the tunnel

Overview of the helium inventory in the tunnel

21 High Beta 
Cryomodules

(174 m)

9 Medium Beta 
Cryomodules

(75 m)

13 Spoke 
Cryomodules

(54 m)

Linac
Cryoplant

Cryogenic Distribution Line 
(310 m) Endbox

Cryogenic Transfer 
Line (75 m)

Splitting box

Cryogenic Distribution Line Elliptical Cryomodules Spoke Cryomodules

ACKNOWLEDGEMENT : J.FYDRYCH



Accelerator Air Management System
Oxygen Deficiency Hazard in the tunnel

Overview of the helium inventory in the tunnel

* including additional distribution line
** including all contingent cryomodules ACKNOWLEDGEMENT : J.FYDRYCH



Accelerator Air Management System
Oxygen Deficiency Hazard in the tunnel

Proton beam

1 ODH scanner per stub (27)

Fire damper

Air supply

Air exhaust

Preliminary design

Sniffer

O2

O2 O2 analyzer

O2 O2 O2

Status: currently under discussion with Conventional Facilities and ES&H…

No ODH probes in the accelerator tunnel



Accelerator Air Management System
Oxygen Deficiency Hazard in the tunnel

Air supply

Air exhaust

ODH event during Access Mode

O2 O2 O2 O2

25 200 m3/h 25 200 m3/h

Lesson learnt from CERN visit (2 July 2015) 
 air speed from the ventilation should not exceed 1 m/s to facilitate evacuation

If a Helium discharge occurs, it will be partly handled by the ventilation system…



Accelerator Air Management System
Oxygen Deficiency Hazard in the tunnel

Open issue for evacuation

51 m to the nearest exit

219 m to the last cryomodule

ACKNOWLEDGEMENT : N.GAZIS



Accelerator Air Management System
Oxygen Deficiency Hazard in the tunnel

ACKNOWLEDGEMENT : N.GAZIS

Open issue for evacuation



Accelerator Air Management System
Oxygen Deficiency Hazard in the tunnel

Failure scenarios (during access)

Scenario
Rupture of the power coupler’s window or 
beam line

Discharge of GHe through the 2 rupture 
disks located on the LHe line

Max. mass flow rate = 15,2 kg/s (currently under discussion)

Loss of the content of 1 High-Beta*
cryomodule (28,4 kg)

*the loss of 2 High-Beta has not be considered thanks to 
the triggering of the fast valves in-between cryomodulesACKNOWLEDGEMENT : J.P THERMEAU – WP5_SAFETYSIZING_SAFETY_DEVICES

P

Air inlet

P P P
QQ Q Q



Accelerator Air Management System
On-going Safety studies

ODH preliminary assessment

 Simple analytical model (CERN & FERMILAB)

 Homogenous mixture of helium with 
atmosphere in case of a cryogenic discharge

 Assessment of the O2 concentration with 
respect to the ventilation system

Objective: Provide help to Conventional 
Facilities (CF) in the design of the HVAC system
Responsibility: Accelerator Division
Time frame: finalized

 Lowest attainable O2 concentration = 17 % 

ODH CLASS 0f = PiFi

https://ess-ics.atlassian.net/wiki/display/ASR/ODH+Assessment+Accelerator+Tunnel



Accelerator Air Management System
On-going Safety studies

CFD simulation of Helium discharge

ACKNOWLEDGEMENT : M.PUCILOWSKI, E.LUNDH

Objective: Provide help to Conventional 
Facilities (CF) in the design of the HVAC system
Responsibility: Accelerator & EIS Divisions
Time frame: first results expected end October

① Temperature and O2 concentration need to be evaluated 
locally (close to the He discharge points) as well as 
pressure rise

② Assessment of human evacuation (pathway, time) in case 
of a helium release

Help in the decision-making to CF for the design of the 
ventilation system

③

Help in the definition of the access procedure to the 
LINAC (warm-up, cool-down, steady-state)

④



Accelerator Air Management System
On-going Safety studies

HVAC risk analysis

 Identification & classification of the safety 
functions  SSM requirement

 Identification of the failure modes that 
could lead to exposure to ionizing radiation 
or conventional hazards (e.g. ODH, fire)

Objective: Provide help to Conventional 
Facilities (CF) in the design of the HVAC system
Responsibility: CF & Accelerator Divisions
Time frame: final version expected December

https://ess-ics.atlassian.net/wiki/pages/viewpage.action?pageId=46137511

Recommendation from CERN experts 
during their visit on July 2nd



Accelerator Air Management System
On-going Safety studies

HVAC Action Matrix

 Identification of the immediate actions 
taken by the HVAC system in case of a off-
normal event (e.g. fire, He release, loss of 
dynamic confinement, etc.)

Objective: Provide help to Conventional 
Facilities (CF) in the design of the HVAC system
Responsibility: CF & Accelerator Divisions
Time frame: final version expected December

https://ess-ics.atlassian.net/wiki/pages/viewpage.action?pageId=46137511

Recommendation from CERN experts 
during their visit on July 2nd



Accelerator Air Management System
On-going Safety studies

Calculation of the Derived Air Concentration (DAC)*

 Use of the ISO 17873 standard – not strictly

required but implemented to harmonise the approach regarding
HVAC systems at ESS in contaminated atmosphere

Objective: Definition of the architecture of the 
ventilation system and the necessary under-
pressure
Responsibility: CF Division

 Assessment of the radiological impact of air 
releases from the Accelerator tunnel during 
normal and off-normal operations

* It is the amount of contamination in air, which, if breathed for 2 000 h, would
result in the Annual Limit of Intake (ALI). The ALI has to be calculated using
reference conversion factors given by IRCP for each radionuclide. ACKNOWLEDGEMENT : D.ENE

C3 
between -120 Pa and -140 Pa 

https://chess.esss.lu.se/enovia/tvc-action/showObject/dmg_TechnicalReport/ESS-0028010/1



Accelerator Air Management System
On-going Safety studies

ACKNOWLEDGEMENT : D.ENE

ESS Accelerator Design objective: 0.03 mSv/y
ESS General Safety Objective: 0.05 mSv/y

vapour

aerosols

aerosols

aerosols

gas

gas



Accelerator Air Management System
Milestones

HVAC timeline

1
Finalisation of the boundary conditions 
for the CFD

Sept. 2015

Final drawing of the detailed
design of the HVAC system

Feb. 2016

6

5
Procurement phase

March 2016

Installation phase

To be defined

7
Commissioning phase

To be defined

4

Outline design review

Nov. 2015

2
First results from the CFD 
simulation
Oct. 2015

3

ACKNOWLEDGEMENT : M.KELFVE



Any Questions…?

Discussion



Back-up slides


