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Oxygen Deficiency Hazard (ODH)

?;:‘?:Ir)‘ Effects & Symptoms
535 Maximum “Safe Level” (23% is often the High level alarm of most O,
' detectors)
21 Typical O, concentration in air
19.5 Minimum “Safe Level” (19% is often the Low level alarm of most O,
' detectors)
First sign of hypoxia. Decreased ability to work strenuously. May induce
15-19 early symptoms in persons with coronary, pulmonary or circulatory
problems
. s . Respiration increases with exertion, pulse up, impaired muscular
Mlnlmum Safe Oxygen level In s coofdination, perception and judgmepnt i
] 10-12 Respiration further increases in rate and depth, poor judgment, lips blue
the tunnel is assumed as %18. 8-10 Mental failure, fainting, unconsciousness, ashen face, blueness of lips,
nausea, vomiting, inability to move freely
6-8 6 minutes - 50% probability of death
8 minutes — 100% probability of death
4-6 Coma in 40 seconds, convulsions, respiration ceases, death

Ref: https://femfsurvey.com/indoor-air-oxygen-levels-and-oxygen-deprivation-effects/
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Reference Version

Integration SY-RF

3

\ https://indico.cern.ch/event/1359335/#2-coupe-type-fcc https://indico.cern.ch/event/1359337/#4-fcc-ee-rf-study )
Version: 06.2023 Version: 04.2024
FCC Tunnel Point H— RF Section FCC Tunnel Point H— RF Section

The latest version
used for simulations

Previous version
used for simulations
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Preliminary Risk Assessment & Scenarios

For 400 MHz Cavity

. . . Pressure . .
Class/Case | Risk Situation m Reached [bara] Discharge Diameter

Static losses

on cryomodule 10.36 gls -18 D nin= 3.48mm
insulated from 1SV of DN <5mm Assumption: Same discharge area from the LHC risk assessment
cryogenic plant
Insulation 455 Kals 195 Jmin= 62mm Nlljmber of .Discharge Discharge.Rate
vacuum break . g . 1 x BD DN8O Dlscflarge Dlarr.\eter (each (each point)
Points point) [mm] [Ka/s]
D in= 130.5mm
1 x BD DN150
Beam vacuum o
break (100 19.57 Kg/s ~1.95
mm aperture) 2 x BD DN100

(each one taking half of the
flow rate)

Ref: “FCC-ee CM Helium Safety Study”, EDMS 3103096

Data from initial discussion, more up-to-date

values have been provided by SY-RF
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Risk Assessment & Scenarios

Helium Release:

Disch Di ¢ * Max. Helium inventory 115.7 kg
SC Ischarge lameter * Total mass flow rate 20 kg/s Helium
Points [mm] .

Discharge pressure 2 Bar (Total)

SRFO01 1 100 e @400 MHz Cryomodule;
SRF02 2 100 * Total release time =115.7 / 20 = 5.8 seconds | 6 seconds
SRFO03 1 150 * Additional 60 s after helium release cut-off (66 s in total)

Ref: SYRF Task Force, “FCC-ee CM Helium Safety Study”, EDMS 3103096
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Semi-Transverse Ventilation Concept (27000 m3/h)

_Fresh air supply
Regular extra ction

N [
<)) [\ _—Emergency extraction
" Run/Access modes
| Center of sect
L SEERRISTRESS Fire compartment (L=400m)
Emergency extraction duct W :
101 . Al |4
q‘ “ [}
1) T 1) . l
| H H { | I !
| { |' .Y' I
7k Ak i
\ﬂr f : Y Vv
Ll | ‘ | | I
I

“Fresh air duct

Tunnel sector (L=11'400m)
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The Worst Case — The Last Compartment in the Semi-Transverse Ventilation Concept (27000 m3/h)

Fire compartment (L=400m)

Vmax
Vmin
Average Air Velocity in the tunnel,
0.58 m/s 0.57 m/s 0.56 m/s 0.55 m/s 0.54 m/s
<+ < < <= <
Pressure Outlet e
D,=4.1m e
A, =13.05 m? _ : . .
Fresh Air Supply Fresh Air Supply Fresh Air Supply Fresh Air Supply
465 m3/h (0.1525 kg/s) 465 m3/h (0.1525 kg/s) 465 m3/h (0.1525 kg/s) 465 m3/h (0.1525 kg/s)
@26-27°C @26-27°C

@26-27°C

@26-27°C

—

Air Ventilation Supply
From Adjacent Comp.
25140 m3/h (8.24 kg/s)
{27000 — (465 x 4) m3/h}
@26-27°C
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Boundary Conditions — SRF01 1xDN100

Helium Conditions

Pressure Outlet, \ 1 x DN100 Inlets
-10 Pa (Gauge — Initial ) ' Ideal Gas
= | 5.32 K
S Total 20 kg/s
. ; N 200000 Pa
= a (2 Bar Absolute)

Continuously
Discharge @ 100 mm

FCC Tunnel Point H 1 release point
RF Section / 400 MHz Cryomodule

Ventilation Air; Diffuser Inlet (+x direction),

Ideal Gas Total mass flow rate: 0.61 Kg/s,

300 Kelvin Pressure: 36 Pa (Gauge — Initial)
Vent inlet,
8.24 Kg/s,
32 Pa (Gauge — Initial)
From adjacent compartment

0 50 (m)
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Boundary Conditions — SRF02 2xDN100

Helium Conditions

\ 2 x DN100 Inlets
! Ideal Gas
- 5.32K

S Total 20 kg/s

4 ; <_t,’ (10 kg/s each)
- 200000 Pa
(2 Bar Absolute)
Continuously
FCC Tunnel Point H Discharge @ 100 mm

RF Section / 400 MHz Cryomodule 2 release pOintS

Pressure Outlet,
-10 Pa (Gauge — Initial )

Ventilation Air; Diffuser Inlet (+x direction),

Ideal Gas Total mass flow rate: 0.61 Kg/s,

300 Kelvin Pressure: 36 Pa (Gauge — Initial)
Vent inlet,
8.24 Kg/s,
32 Pa (Gauge — Initial)
From adjacent compartment

0 50 (m)
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Boundary Conditions — SRF03 1xDN150

Helium Conditions

Pressure Outlet, \ 1 x DN150 Inlets
-10 Pa (Gauge — Initial ) ' Ideal Gas
= | 5.32 K
S Total 20 kg/s
. ; N 200000 Pa
= a (2 Bar Absolute)

Continuously
Discharge @ 150 mm

FCC Tunnel Point H 1 release point
RF Section / 400 MHz Cryomodule

Ventilation Air; Diffuser Inlet (+x direction),

Ideal Gas Total mass flow rate: 0.61 Kg/s,

300 Kelvin Pressure: 36 Pa (Gauge — Initial)
Vent inlet,
8.24 Kg/s,
32 Pa (Gauge — Initial)
From adjacent compartment

0 50 (m)
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Results — SRF02 (2xDN100) 66 Seconds
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Results — SRF02 (2xDN100) 6 + 60 Seconds

-

+40 m +20m +1m Om -1m
From Mid-point From Mid-point From Mid-point Mid-point From Mid-point

M-e— L« B < Ce F

E amn
E TAnn
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Results — SRF02 (2xDN100) 6 + 60 Seconds

Dxygen
yZ-oxygen-mid

—K I 02 TS

0 2 4 B B 11 13 15 17 18 21

SRFO2 - 2xDN100

Section K-K

o

—0 T T

I +70m  +60m  +50m  +40m  +30m  +20m  +10m  +Om

Section O-O

i - f
o=y @)
—0 Eai

I SUIlmJ
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Results — SRF02 (2xDN100) 6 + 60 Seconds

yz o yge -mid
—~K o — 4
0 2 4 B B 11 13 15 L7 19 21 }}X

SRFO2 - 2xDN100

Section K-K

—0 5 i | L i L
+70m +60m +50m +40m +3bm +20m +10m +0m
Section O-0O
¥ ‘ ,“,’
i P g
B K J l
» O . - )

I 50 (m)
| ]
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Comparison
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Dxygen
yz-oxygen-mid
_—— — Ventilation
0 2 4 B B 1t 13 15 17 19 21 Direction
Section O-O SRFO1 - 1xDN100O +y

~ SRFO2 - 2xDN100

SRFO3 - 1xDN150

+96m +86m +76m +66m +56m +4bm +36m +26m +16m +dm
He Plug

- O size

Cloud He Plug He Plug He Plug
3 sC front (< 6s) (2 6s) (2 40s)
. [m/s] [mi/s] [mi/s] [m/s]

I SRF01 ~2.7 ~6 ~1.5 ~0.7 ~713.2
SRF02 ~25 ~4.7 ~1.5 ~0.9 ~53.3
—> 0O

Mid SRF03 ~2.6 ~5.4 ~1.5 ~0.7 ~56
Evacuation Path IMid-Cryo section values! Propagation Speed

|
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Oxygen Level at Occupant’'s Head Level

Oxygen Levels in Case SRF01 (1xDN100) Oxygen Levels in Case SRF02 (2xDN100)

Oxygen Levels in Case SRF03 (1xDN150)

60 60 60

50 50 50

40 & 40 = 40 2
= e 7 ¢ = g
@ ] e Y g ]
= 30 c £ c £ c
[ 0o & F¥® g E® &
> > >
> > >
o o o
20 L6 20 6 20 6
10 3 10 3 10 L3
0 Lo Lo -
150 100 50 0 -50 -100 150 100 50 0 -50 -100 150 100 50 0 -50 -100
Position [m] Position [m] Position [m]

| + 1.7m
N Head Level
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Helium Release Conclusions

* Oxygen level has been decreased below %19 in 3 seconds near release points,

* Helium (gas) released from one single release point with DN100 possesses greater momentum compared to
releasing simultaneously from 2 points or single point with bigger pipe diameter.

* Turbulence and pressure oscillations occur in all scenarios, creating a Helium plug which fills the cross-
section for several meters,

 SRF02 (2xDN100) and SRF0O3 (1xDN150) seem to have similar impact although SRF02 induces a slightly lower
cloud propagation.

* Active extraction of Helium and safe evacuation of occupants should be assessed.
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Emergency Extraction

https://indico.cern.ch/event/1298458/timetable/#38-ventilation-strategy-for-th

m3/h

‘ Yt (44 i
11 T : '}
;Jllf- | | i |JI{J' i s ! [f'f
[ =iy ¥ L . [+
W s kY i by
/[ I ] | /]
;! A—tt I 4 4 T'Jvll 4 4 ) .‘il t ; % $ j,ul{. ;
X ] " 1
-2500
2.6 Tunnel Emergency Mode 3D Model m3/h
Affected compartment (max. 2) Damper SiZGS; -2500
Exh.=30x30cm m3/h T
N <= NEGATIVE PRESSURE Sup.=22x22em 29500 Closed
°‘=:-‘ OPEN o= oPEN OPEN & OPEN®=
qn An On Gn ‘
K t t i
ol H T Holm=] i [el=) N —Oo] A=
T S S ——
llzso i 1zso| m3/h St 1250‘ Y LBOEM  aes gy B pacy J : T+r2n§>?ho
Emergency Mode = Smoke & fire or helium leak I 10,000 m?/h per compartment t+2500
scenario B ] 3
/_/‘ T m /h
+2500
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E m e rg e n Cy Ext ra Cti O n Extraction Supply: 10,000 m3/h Fresh Air @22°C

-2,500 -2,500 Release -2,500 -2,500
-10,000 m3/h m3/h m3/h Point m3/h m3/h
I I ; ! I
1 | | |
= = T = T ¢ = T = T n—
T+2,500 1+2,500 4I+2,500 4I+2,500
+10,000 m3/h m3/h m3/h m3/h m3/h
Dxygen .
yz-oxygen-mid
SRFO3 - 1XDN150 0 2 4 - i B 11 13 15 17 19 il

K-K Section

ko t=1s :
AN A ODH Detected! 00 : 00

t=30
Max. ExtractionSActivated! SRFEXT - 1xDN150
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E m e rg e n Cy Ext ra Cti O n Extraction Supply: 10,000 m3/h Fresh Air @22°C

-2,500 -2,500 Release -2,500 -2,500
-10,000 m3/h m3/h m3/h Point m3/h m3/h
! I | ! ]
| | | |
= = T = T ¢ = T = T n—
T+2,500 1+2,500 4i+2,500 4I+2,500
+10,000 m3/h m3/h m3/h m3/h m3/h
Dxygen .
yz-oxygen-mid
SRFO3 - 1xDN150 ¢ 2 4 6 8 11 13 15 17 18 2i
K-K Section
K
‘, 00 : 00
..K

SRFEXT - 1xDN150
PP x4
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Emergency Extraction

Position: +75 [m] ,
BNl IE ANl Reaction time™: 30 [s] i N
Walking speed*: 0.8 [m/s]

Oxygen Levels, SRFO3(1xDN150)

! 1.7m
@ ‘*7 +HeadLeve/

Oxygen Levels, SRFEXT(10k m3/h 1xDN150)

60

50

40 g g
— o )
o] > >
v o . : b |
= = Extraction Activated! =
o o
> >
> >
o (o)
20 L6
10 L3
—Lo
150 100 50 0 -50 -100 150 100 50 0 -50 -100
Position [m] Position [m]

*Ref: BS PD 7974-6
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Final Conclusions

* The emergency extraction stopped the propagation of the helium cloud and provided a safe margin for

occupants evacuating.

* Providing the Q,,, extraction as fast as possible is important,

* Access to RF section should be studied in further details,

* Potential access conditions should be discussed with SY-RF team (please see talk by K.Canderan, May 21%)
* Forinterventions, warming up the targeted cryomodules: definition of ‘safe zone’,

* Use of special personal protective equipment (PPE), while transiting through the sector to the workplace.

Ref: FCC Feasibility Study Report, 2025
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v

§ 3 £ £
Benchmark Study
[} | | I [ =] + + + + £ + + +
£
He spill test set-up - 2014 1.6
R 1.4} 22
1.2 &\ = 4+60m 175cm ultrasonic sensor
0 ' 5 18 — +60m 175¢m chemical sensor
~ 1 3
2 £
A 0.8 8 14
=
m 0.6 8
0.4 glo
>
0.2} 3
0 U flowl 0 20 40 60 80 100 120 140 160 180
0 40 80 100 120 140 Time, s

second

Helium Spill Test in LHC Tunnel — Experimental Set-up

[Co 30 i
% X .
Tunnel side view = o5 % -
— p——— g
T X S . N N
point=0m - ‘ > a 20 s »
15
X
~ 10
o]
5
10 20 30 40 50 60 70 80 90 100 110 120
Two 500 | Dewars with liquid helium seconds
combined extraction system | +20m T 2 4+30mT +60mT X +100mT

| +20m 02 > +30m 02 = +60m 02 X +100m O2

https://indico.fnal.gov/event/8010/sessions/11681/ https://doi.org/10.1016/j.cryogenics.2016.09.005
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v

——
F+—8—7/5m
F+———50m
——a—-30m
—+——15m
———a—10m
————5m
—+——0m
+———+10m
——8+20m
——+30m
—+—H+60m
50cm
——+100m
175¢cm,
———A+150m

———+200m

1.75m, +20m

2D, AB, Const

Exp — 7D Heat,Const

s 20,AB,MWM e 2D, AB,I GM

_
21
T T
> : e
e, 2
‘ 5 12
> _ @ 9
% 3
- 0
i - 0 30 60 90 120 150 180
Time [s]
1.75m, +30m
e 2D,AB,CONSt  ===Exp — 2 D,Heat,Const
2D,AB,MWM  =mmm2D,AB,IGM
21
.18
] LI | é 15
c 12
& 9
< 6
© 3
. 0
After 3 minutes 0 30 60 90 120 150 180
Time [s]

Exp: Experimental data, AB: Adiabatic, Heat: Heat transfer through walls, Const: Constant model for mixing properties (Cp, Thermal Cond., Viscosity, etc.) MWM: Mass Weighted Mixing, IGM: Ideal Gas Mixing
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v

——
+—8-75m
F+———50m
——a—-30m
—+——15m
———a—10m
————5m
—+——0m
+———+10m
——8+20m
——+30m
—+—H+60m
50cm
——+100m
175¢cm,
———A+150m

———+200m

0.50m, +10m
e 20, AB, CONSt s EXP — 20 Heat, Const
—2D,AB,MWM  ===m2D,AB,IGM
— >
> 3
S
- w0
(@)
'
i — 0 30 60 90 120 150 180
Time [s]
0.50m, +30m
e 2D, AB, ConSt Exp e 2D, Heat, Const
———2D,AB,MWM ====2D,AB,IGM
21
_. 18
| ] | I | n L | :U;i 15
€ 12
¥
© 3
. 0
After 3 minutes 0 30 60 90 120 150 180
Time [s]

Exp: Experimental data, AB: Adiabatic, Heat: Heat transfer through walls, Const: Constant model for mixing properties (Cp, Thermal Cond., Viscosity, etc.) MWM: Mass Weighted Mixing, IGM: Ideal Gas Mixing
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Next Simualtions

* Perform new simulations with: Q }’I

Nl i :

* An active extraction of Helium by considering the ceiling duct shape,

* Definition of a ‘safe zone’,

* 3D Validation of LHC helium spill test.
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Thank you for your attention.
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Spare Slides
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Ventilation
. . B Direction
ressure OSsclHiations ‘ 5
Pressure <« He Mass Flow
Total P in Case SRF0O3 (1xDN150 Outlet < Air injet
otal Pressure in Case (1x ) - +200m -200m
«— “— — «——
60 > > \V — -«
38 0 ‘ ‘ J x5 i A:I- i L: ... ?‘ ’ ‘
50 L 333
Relative Pressure on the Compartment Walls (SRF03)
- 285 —, ,
© ——Right(-200m) ——Left(+200m)
40 = 150
~ QJ
o, (238 & 440
g ﬁ __ 400
£ 39 I B & 360
- 15018 v 320
3 2 280
143 B S 240
20 % 200
2 160
95 o 120
< 80
10 40
48 0

Time [s]

100 50 0 -50 -100 -150 -200
Position [m]

200 150
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Pressure Oscillations

Relative Pressure on the Compartment Walls

480
440
400
360
320
280
240
200
160
120

80

40

0

(SRF01)

——Right(-200m) —— Left (+200m)

6

12

18 24 30 36 42 48 54 60 66

Time [s]

480
440
400
360
320
280
240
200
160
120

80

40

0

Rel

6

ative Pressure on the Compa rtment
Walls (SRF02)

——Right(-200m) ——Left(+200m)

/V

12 18 24 30 36 42 48 54 60 66

Time [s]

FCC Week 2025

480
440
400
360
320
280
240
200
160
120
80
40

O i

0

Relative Pressure on the Compartment
Walls (SRF03)

——Right(-200m) ——Left (+200m)

6 12 18 24 30 36 42 48 54 60 66

Time [s]



() ree

22 May 2025 Guven Nergiz (CERN/ HSE-OHS-IB) FCC Week 2025

Emergency Extraction

SRFO3 - 1xDN150

A v t=1s :
y/ I\ ODH Detected! 00 : 00

t=30 s
Max. Extraction Activated! SRFEXT - 1xDN150

Dxygen
yz-oxygen-mid

17 18 2

i} 2 4 B B 11 13 15

SRFO3 - 1xDN150

!

K-K Section

£\ IT oonons 00 : 00

Detected!

t=30 s
Max. Extraction Activated!

SRFEXT - 1xDN150
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Temperature — SRF03 (1xDN150)

Temperature in Case SRF03 (1xDN150)
[

60

50

40

30

Time [s]

20

10

150 100 50
Position [m]

r—63.1

-94.1

F—125.2

-156.2

Temperature [°C]

—-187.2

-218.3

—249.3

150

100

50 0
Position [m]

-100

30.0

-1.0

-32:1

—-63.1

-94.1

-125.2

Temperature [°C]

-156.2

—-187.2

-218.3

—249.3
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-1m
From mid-point
F <

F <+

Om
Mid-point

Ce

+1m
From Mid-point

B«

SRFO01
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SRFO1 - 1xDN100

Ansys
202382

SRFO2 - 2xDN100

SRF02 Ansys SRFQ3 swos-soms Ansys

[ _oaa—— |

= I
00:00 - - .4

Ansys
202382

SRF03 o o

Ansys
2023 R2

it 1

SRF03 o e

Ansys Ansys
223182 23R




22 May 2025 Guven Nergiz (CERN/ HSE-OHS-IB) FCC Week 2025

Tunnel
Ventilation
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=
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.qe/b
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O 297 m O Fire Wall
and Door
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