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Functional specifications                         
Roles and agreement with Institutes                         
Optimisation of baseline, including cost 
analysis                         
Definition of alternative solutions                         
Cost & performance of alternative 
solutions                         
Optimisation of interfaces with 
services/infrastructures                         
Decision about vacuum design for pilot 
sector at CERN.                         
Prototyping of the selected solutions.                         
Technical design report (ET vacuum 
system).                         
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ET beam tubes requirements from ET technical report 2020

• Tube diameter ~ 1m
• Total lenght 120 km
• Total residual pressure: H2 10−10 mbar, H2O 5x10-11

mbar, N2 10-11 mbar (more stringent reqs comes from 
ET-HF)
• Hydrocarbon partial pressure < 10-14 mbar
• Material ?(2G detectors: SS 304L or 316L)
• Life time: 50 years
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6.12 Vacuum system 149

Figure 6.16: Phase noise given by the residual gases compared to the expected sensitivity, computed for the
appropriate beam profile for di�erent gas compositions. (Goal gas composition: Hydrogen [1 10�10 mbar],
Water [5 · 10�11 mbar], Nitrogen [1 10�11 mbar])

ET technical report 2020

Surface: 3.8x105  m2

Volume: 9.4x104 m3

LARGEST UHV VOLUME ever made



• Since January we have regular by-weekly teleconf
• We are writing a requirement document on beampipe
https://www.overleaf.com/read/xxhqmbhzyqwk
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https://www.overleaf.com/read/xxhqmbhzyqwk


High priority parameters 
• Light scattering

• Vacuum pressure

• Contamination level
(both dust and hydrocarbon contamination)
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• Tube diameter
• Cavern size
• Number and characteristics of baffles
• Amount of steel
• Tube production

• Thermal treatments
• Pumps size and distribution
• Tube production

• Tube production
• Assembly and integration

A. Grado INAF/INFN



General consideration
We should agree on what is the margin we want for each noise 
contribution taking into account:

- future ET upgrade
- uncertainties on the noise model

For the scattered light can we use one of the running detector (in
particular GEO600 since it is easier to shake the beam pipe) to test the 
noise model ? 
Some test was done in LIGO but not conclusive (M.Zucker private 
comm.)

See the section: “Scattered light in the arms for the vacuum pipe design’’ on 
Wednesday 9.45 by M. Martinez 
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Vacuum pressure
A. Grado

Fluctuations of residual gas density induces a fluctuations of refractive 
index and then of the laser beam optical path
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Design	requirements	
	
The	 design	 targets	 for	 this	 workshop	 are	 driven	 by	 the	 current	 concepts	 for	 the	 next	 generation	
gravitational	wave	observatories:	the	Cosmic	Explorer	(CE)	in	the	U.S.	and	the	Einstein	Telescope	(ET)	in	
the	E.U.	 	An	overview	of	 the	 field	of	 gravitational	wave	detection	based	on	 interferometric	 detectors	
was	given	at	the	beginning	of	the	workshop	by	M.	Zucker	from	LIGO	[6].	Gravitational	wave	detectors	
based	 on	 laser	 interferometry	 observe	 the	metric	 strain	 (h=	ΔL/L)	 induced	 by	 a	 passing	 gravitational	
wave.	 The	 differential	 displacement,	ΔL	 registered	 between	 orthogonal	 interferometer	 arms	 of	mean	
length	L	as	a	result	of	a	passing	wave	with	strain	amplitude	h	is	given	by:	
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where	we've	taken,	as	an	example	source,	a	compact	binary	system	with	two	equal	component	masses	
M	 separated	by	R,	orbiting	each	other	at	 frequency	 forb	 ,at	distance	 r	 from	Earth.	 	When	expressed	 in	
terms	of	apparent	ΔL,	 the	 limiting	noise	 terms	 in	detectors	of	 this	 type	are	either	 independent	of,	or	
vary	only	weakly	with,	overall	instrument	size.	As	a	result,	the	most	direct	way		to	improve	the	distance	r		
at	which	sources	can	be	observed	is	to	increase	the	arm	length	L.	 	 It's	 important	to	note	here	that	the	
number	of	detectable	sources	varies	with	the	volume	observed,	and	thus	the	rate	of	event	detections	
initially	 scales	 as	 L3	 (neglecting	 cosmological	 evolution	 of	 sources).	 Thus,	 the	 distance	 to	 which	 the	
proposed	CE	and	ET	could		see	would	exceed	the	horizon	where	stars	first	formed	in	the	early	universe.	

Residual	Gas	Noise	
	
The	power	spectral	density1	of	gas-induced	fluctuations	in	the	optical	path	length	is	given	by:	

	
	

where	f	is	the	signal	frequency,	L	is	the	physical	length,	ρ(z)	is	the	number	density	of	the	molecules,	α	is	
each	molecule’s	optical	polarizability	(proportional	to	n-1,	where	n	is	the	bulk	refractive	index	of	the	gas	
at	standard	pressure),	v0	=	(2kBT/m)1/2	is	the	most	probable	speed	for	the	molecules	given	their	mass	m	
and	 ambient	 temperature	 T,	 and	 w	 (z)	 is	 the	 laser	 beam’s	 Gaussian	 radius	 parameter	 [6-8].	 The	
calculated	 limits	 for	 residual	 gas	 partial	 pressures	 are	 given	 in	 Table	 1,	 showing	 that	 required	 partial	
pressures	of	H2	are	10-9	Torr,	for	water	10-10		Torr	and	lower	for	heavier	hydrocarbons.			

																																																								
1Defined	as	mean-squared	deviation	per	unit	bandwidth.	
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2 M. Zucker

boundary interacts with light scattered from and returning to the interferometer,
an indirect but inevitable consequence of vacuum operation.

2.1. Refractive index fluctuation

Light scattering by residual gas molecules produces an apparent fluctuation in the
distance between test bodies. Each molecule passing through the interferometer
beam produces a transient phase shift through forward scattering. In aggregate,
these pulses are equivalent to a stochastic fluctuation in the e↵ective “refractive
index” of the medium2.

The magnitude of each impulse is governed by the molecule’s optical polarizabil-
ity (related to the bulk gases’ refractive index). The rate of impulses depends upon
the local density; density variations within the system may also depend on thermal
speed, which is a function of molecular weight. The duration of each impulse is
further governed by the ratio of the beam radius at the interaction point to the
mean thermal speed. These factors determine the noise contributed by molecules of
each gas species, and also govern the frequency dependence of the resulting noise,
since heavy molecules may interact with the beam over durations comparable to
the signal period.3

Integration of phase impulses over Maxwell velocity and Gaussian intensity dis-
tributions yields the predicted power spectral density of fluctuations in the optical
path length

SL (f) =
(4⇡↵)2

v0

LZ

0

⇢ (z) exp [�2⇡f w (z) /v0]

w (z)
dz (1)

where L is the physical length, ⇢ (z) is the number density of the molecules, ↵

is each molecule’s optical polarizability, v0 = (2kBT/m)1/2 is the most probable
speed for molecules of mass m at ambient temperature T, and w (z) is the beam’s
Gaussian radius parameter as a function of axial position z [Weiss (1989)]. Total
noise power will be the sum of such contributions for each species present. The
apparent di↵erence in the lengths of the interferometer’s two arms will then have
spectral density

S�L (f) = 2SL (f) . (2)

This model has been confirmed by introducing controlled gas samples in working
interferometers. Results of such a test [Zucker and Whitcomb (1996)], employing
xenon, nitrogen and carbon dioxide gases, are depicted in Figure 1 along with the
prediction of Equation 1. add new test at LIGO for this?

Table 1 compares the approximate sensitivity for various gases to that for
hydrogen at comparable pressure. Here we have taken the low-frequency limit
2In situations of interest, gas density is low enough that the molecular mean free path exceeds the
beam diameter. We can thus consider molecules independently.
3For many cases of interest this frequency dependence is weak, and it is sometimes ignored.
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S. E. Whitcomb. Optical pathlength fluctuations in an interferometer due to residual gas. Technical 
report, California Institute of Technology, October 1984. 



ET-HF total margin 9.1 
5000 l/s pumping speed every 500 m
Gas species Specific outgassing rate

(mbar l /s cm2)
Max pressure
(mbar)

Margin @ 272 Hz

H2 1x10-14 5.3x10-11 18.7

H2O 1x10-15 9.5x10-12 20

N2 5x10-16 5.5x10-12 23

CO 2x10-16 2.2x10-12 31

CO2 1.5x10-16 2x10-12 26

C2H4 1x10-16 1x10-12 21
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With these parameters the margin for ET-LF would be ~ 20
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ET-LF  total margin 9.8
5000 l/s pumping speed every 500 m
Gas species Specific outgassing rate

(mbar l /s cm2)
Max pressure
(mbar)

Margin@ 24 Hz

H2 6x10-14 3.2x10-10 16.9

H2O 1x10-14 9.5x10-11 13.4

N2 1x10-15 1.1x10-11 75

CO 2x10-16 2.2x10-12 66

CO2 1.5x10-16 2x10-12 54

C2H4 1x10-16 1x10-12 44
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OR we can relax the spec on pumping distances. Using the previous outgassing 
rates and a distance among pumps of 2000 m the margin would be 9.6 reducing 
the cost of the pumping system of a factor 4

A. Grado INAF/INFN



Dust contamination

Straylight caused by dust (𝐷 ≥ 0.1 𝜇𝑚)
• Dust on baffles
• Dust crossing the laser beam
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,QWURGXFWLRQ�

,Q�RXU�VWXG\��ZH�IRFXV�RQ�VWUD\OLJKW�FDXVHG�E\�GXVW��'䎇���ŷP��
FRQWDPLQDWLRQ�LQ�WKH�DUPV�DQG�ZH�GR�QRW�DFFRXQW�IRU�GXVW�
SDUWLFOHV�LQ�WKH�WRZHUV��GXVW�RQ�70V��70ŁV�EDIĠHV�DQG�WRZHUV�

�

Ɣ ZKHQ�LQVWDOOLQJ�JHQHUDO�RSHUDWLRQV�RQ�DUPV�GXVW�FDQ�HQWHU�LQVLGH�
WKH�DUPV�
ż GXVW�GHSRVLWV�RQ�WKH�VXUIDFHV�GXULQJ�JHQHUDO�RSHUDWLRQV�DQG�

LQVWDOODWLRQV��H�J��DUPłV�ZDOOV��EDIĠHVĽ���
ż GXVW�FDQ�EH�LQWURGXFHG�E\�WKH�SXPSV�RU�JDWH�YDOYHV�

Ɣ RQFH�LQ�YDFXXP��GXVW�SURGXFH�GLIIHUHQW�HIIHFWV�
ż SDUWLFOHV�FDQ�IDOO�ZKHQ�ZDOOV�DUH�VKDNHQ�DQG�FURVV�WKH�EHDP�

DQG�VFDWWHU�OLJKW
ż GXVW�GHSRVLWHG�RQ�EDIĠHV�FRQWULEXWH�WR�UHVFDWWHU�DOUHDG\�

VFDWWHUHG�OLJKW�UHDFKLQJ�WKH�EDIĠHV

VWUD\�OLJKW�DV�H[FHVV�
SRZHU�LQ�WKH�
GHWHFWRU

6WUD\OLJKW�PDQLIHVWV�DV�H[FHVV�QRLVH�HVSHFLDOO\�LQ�WKH�
ORZ�IUHTXHQF\�UHJLRQ�ĺ�VFDWWHUHG�SKRWRQV�FRXSOH�ZLWK�WKH�
FDYLW\�PRGH��WKLV�ZLOO�DGG�SKDVH�DQG�DPSOLWXGH�QRLVH�LQ�WKH�
ODVHU�
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Ɣ ZKHQ�LQVWDOOLQJ�JHQHUDO�RSHUDWLRQV�RQ�DUPV�GXVW�FDQ�HQWHU�LQVLGH�
WKH�DUPV�
ż GXVW�GHSRVLWV�RQ�WKH�VXUIDFHV�GXULQJ�JHQHUDO�RSHUDWLRQV�DQG�

LQVWDOODWLRQV��H�J��DUPłV�ZDOOV��EDIĠHVĽ���
ż GXVW�FDQ�EH�LQWURGXFHG�E\�WKH�SXPSV�RU�JDWH�YDOYHV�

Ɣ RQFH�LQ�YDFXXP��GXVW�SURGXFH�GLIIHUHQW�HIIHFWV�
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ODVHU�
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'XVW�RQ�%DIĠHV

�

7KH�HIIHFW�RI�GXVW�GHSRVLWHG�RQ�EDIĠHV�LV�WR�ZRUVHQ�WKHLU�SHUIRUPDQFHV

Ɣ ZKHQ�KRZ�GXVW�HQWHUV�
ż GXULQJ�DOO�EDIĠHV�SURFHVVHV�LQ�FOHDQ�URRPV��UHODWHG�WR�,62�FODVV��H[SRVXUH�

WLPH�DQG�VXUIDFH�RULHQWDWLRQ�
ż GHSRVLWHG�DIWHU�LQVWDOODWLRQ��GXVW�HQWHULQJ�IURP�SXPSLQJ�YHQWLQJ�RU�VKDNLQJ�

RI�WXEH�ZDOOV�
Ɣ PDLQ�HIIHFW��LQFUHDVH�%5')��%5')��VFDWWHUHG�OLJKW�IUDFWLRQ�DV�D�IXQFWLRQ�

RI�WKH�VFDWWHULQJ�DQJOH�SHU�XQLW�VROLG�DQJOH�

(7�����$�����IROORZLQJ�9LQHW�HW��DO��3K\V�5HY�'�����QXPEHU����
������

GHWHFWRU�VWUDLQ�
QRLVH�GXH�WR�
EDIĠHV�

EDFNVFDWWHULQJ

%5')��L�H��VFDWWHULQJ��
RI�WKH�EDIĠHV��WKLV�
LQFUHDVHV�LI�GXVW�LV�

SUHVHQW
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See also: A. Moscatello ‘’Dust in ET beampipes: contribution to noise and 
cleanliness requirements’’ (Poster section)
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H�J��&/ ����FDQ�EH�REWDLQHG�LQ����GD\V�IRU�DQ�
KRUL]RQWDO�VXUIDFH�LQ�D�,62���FOHDQ�URRP�

ĺ�'(7�ODE�#9LUJR
�

'XVW�RQ�%DIĠHV��&/�LQ�&OHDQ�5RRPV
7KH�&OHDQOLQHVV�/HYHO�&/�LQFUHDVHV�ZLWK�LQFUHDVLQJ�WLPH�H[SRVXUH��DQG�GHSHQGV�RQ�WKH�,62�FODVV�
RI�WKH�HQYLURQPHQW�>2SWLFDO�(QJLQHHULQJ�������������ŋ�����������@

6KDGHG�UHJLRQ�FRYHUV�KRUL]RQWDOO\�WR�
YHUWLFDOO\�RULHQWHG�VXUIDFH

Ɣ K��RSWLFV�RULHQWDWLRQ����IRU�KRUL]RQWDO������
IRU�YHUWLFDO�

Ɣ ȡ��QXPEHU�RI�DLU�FKDQJH�SHU�KRXU�LQ�WKH�
HQYLURQPHQWV��ȡ �����IRU�DQ�DYHUDJH�
QRQ�ODPLQDU�ĠRZ�FOHDQ�URRP�

Ɣ W��VXUIDFH�H[SRVXUH�WLPH��LQ�GD\V
Ɣ ;&��DLU�FOHDQOLQHVV�FODVV��UHODWHG�WR�,62�

(7�����$���

'XVW�RQ�%DIĠHV��3DUWLFOHV�'LVWULEXWLRQ�0RGHO

Ɣ 1S�LV�WKH�QXPEHU�RI�SDUWLFOHV����P
��ZLWK�GLDPHWHU�Ű�'

Ɣ &/�LV�WKH�FOHDQOLQHVV�OHYHO�RI�WKH�VXUIDFH��&/ ����PHDQV�
��SDUWLFOH�RI�!���XP�LQ����P���LI�6 �������LV�DVVXPHG�
ż &/�������IRU�SULVWLQH�VXUIDFHV
ż &/� �����IRU�YLVLEOH�FOHDQ�VXUIDFHV
ż &/�!������IRU�YLVLEOH�GLUW\�VXUIDFHV

7KH�TXDQWLW\�RI�VFDWWHUHG�OLJKW�GHSHQGV�RQ�WKH�GLPHQVLRQ�DQG�
QXPEHU�GHQVLW\�RI�GXVW�SDUWLFOHV�RQ�WKH�VXUIDFH�

:H�FDQ�PRGHO�WKH�GLVWULEXWLRQ�RI�GXVW�SDUWLFOHV�IROORZLQJ�WKH�,(67�
FOHDQOLQHVV�VWDQGDUG�

�

6�LV�WKH�SDUWLFOHV�GLVWULEXWLRQ�
VORSH��6 �������JLYHQ�DV�
VWDQGDUG��EXW�GLIIHUHQW�YDOXHV�
DUH�IRXQG�LQ�OLWHUDWXUH�

1 �����P��SDUWLFOH�
ZLWK�GLDPHWHU�JLYHQ�
E\�&/

(7�����$���
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'XVW�RQ�%DIĠHV��%5')�YV�&/
Ɣ $VVXPLQJ�WKH�,(67�GXVW�GLVWULEXWLRQ��WKH�%5')�RI�WKH�GXVW�LV�

FRPSXWHG�IURP�WKH�&/�OHYHO��ERWK�IRU�(7�/)�DQG�(7�+)��VLQFH�GXVW�
VFDWWHULQJ�LV�GHSHQGHQW�RQ�ZDYHOHQJWK���

Ɣ 7RWDO�%5')�LV�JLYHQ�E\�WKH�OLQHDU�VXP�RI�EDIĠHłV�RQO\�DQG�GXVW�
FRQWULEXWLRQ

�

7KRVH�HVWLPDWHV�DVVXPHV�
SUHOLPLQDU\�YDOXHV�(7�����$����
� EDIĠHV�%5')���Ź� �����VU�

� EDIĠHV�UHĠHFWLYLW\������

(7�����$���



DUST on baffles: increase of BRDF
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'XVW�RQ�%DIĠHV��1RLVH�YV�&/

([SRVXUH�LQ�FOHDQURRPV�GRHV�QRW�VHHP�KDUPIXOĽ
Ɣ EXW�WKLV�LV�YDOLG�RQO\�LI�DOO�WKH�FOHDQOLQHVV�

SURFHGXUHV�DQG�VWDQGDUGV�DUH�IXOğOOHG
Ɣ DWWHQWLRQ�PXVW�EH�SDLG�WR�SDUWLFOHV�UHOHDVHG�E\�

SDUWLFXODU�RSHUDWLRQ�PDFKLQHULHV�RU�SURFHGXUHV�
QRW�UHVSHFWHG�

Ľ�WKH�,62�FODVV�PXVW�EH�IXOğOOHG�HYHQ�ZKHQ�ZRUN�LV�
SHUIRUPHG�

�

)URP�GLIIHUHQW�&/�YDOXHV�ZH�FDQ�WKHQ�FRPSXWH�WKH�
LQFUHPHQW�LQ�%5')�DQG�EDFNVFDWWHUHG�QRLVH�

,I�W\SLFDO�RSHUDWLRQV�DUH�Ů����GD\V�
Ɣ &/Ů��������ZLWK�,62���ĺ�ų%5')Ů��
Ɣ &/Ů����ZLWK�,62���ĺ�ų%5')������

$V�D�UHIHUHQFH��Ń)RU�DFFHOHUDWRU�DVVHPEOLHV�RIWHQ�FODVV�,62���DQG�
,62���DUH�XVHG��,Q�PRELOH�FOHDQURRP�WHQWV�LQ�DFFHOHUDWRU�WXQQHOV�
ORFDO�HQYLURQPHQWV�RI�FODVV�,62���FDQ�EH�HVWDEOLVKHGń��Ń3URFHHGLQJV�
RI�WKH������&(51ŋ$FFHOHUDWRUŋ6FKRRO�FRXUVH�RQ�9DFXXP�IRU�3DUWLFOH�$FFHOHUDWRUV��
*OXPVORY���6ZHGHQ�ń�
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'XVW�RQ�%DIĠHV��3XPSV�3LSH�ZDOOV�*DWH�YDOYHV
'XVW�LV�DOVR�UHOHDVHG�ZKHQ�WKH�V\VWHP�LV�FORVHG�
Ɣ SXPSV�RSHUDWLRQ
Ɣ VKRFNV�RQ�WXEH�ZDOOV
Ɣ RSHQLQJ�FORVLQJ�RI�JDWH�YDOYHV�

,Q��5HY��6FL��,QVW�����������������ń�GXVW�FRQWDPLQDWLRQ�LV�PHDVXUHG�LQ�8+9�
Ɣ ,RQ�3XPS�

ż SDUWLFOHV�UHOHDVH�DW�LJQLWLRQ��QR�SDUWLFOHV�GXULQJ�RSHUDWLRQ
ż 1 ���SDUWLFOHV�RQ�DYHUDJH��QHZ�SXPS����DQG�QRW�GLPLQLVKLQJ�DORQJ�VXFFHVVLYH�VWDUW�VWRS�F\FOHV

Ɣ 6KRFNV�RQ�ZDOOV�
ż DIWHU������LPSDFWV�QR�PRUH�SDUWLFOHV�EXW�QR�GDWDĺ�EXW�LI�VWUHQJWK�RU�SODFH�RI�LPSDFW�LV�FKDQJHG�

SDUWLFOHV�DUH�UHOHDVHG�DJDLQ
ż SDUWLFOHV�PDLQO\�DFFHOHUDWHG�E\�JUDYLW\

Ɣ *DWH�YDOYHV
ż GLVWULEXWLRQ�������SDUWLFOHV�������ZLWK�'��XP��DQG�����ZLWK�'����XP��RYHU���RSHQ�FORVH�F\FOHV�
ż ZLWK�PRUH�RSHQ�FORVH�F\FOHV��KDOI�SDUWLFOHV�DIWHU����F\FOHV��WKHQ�FRQVWDQW�XS�WR����F\FOHV

��

(7�����$���



DUST from pumps/pipe wall/gate valves
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'XVW�RQ�%DIĠHV��3XPSV�3LSH�ZDOOV�*DWH�YDOYHV

%\�DFFRXQWLQJ�IRU�DOO�WKH�SXPSV��a�����DQG�JDWHV��a������IURP�Ń(7�'HVLJQ�5HSRUW�
����ń�>(7�����%���@����ZH�FDQ�FRPSDUH�WKH�FRQWDPLQDWLRQ�����XP�'��XP��GXH�WR�
SXPSV�DQG�FOHDQ�URRPV�
Ɣ SXPSLQJ�JDWH�YDOYHV��QR�LQIR�RQ�VKDNLQJ���a��
����SDUW�SHU�DUP��a����EDIĠHV�

�
Ɣ H�J��#&/�����䍙����GD\V�LQ�,62���a��
����SDUW�P��ĺ�����SDUW�SHU�EDIĠH�

ĺ�5DGLXV�RI�WXEH�����P��
ĺ�%DIĠHV�KHLJKW������P
ĺ�%DIĠHV�DVVXPHG�ĠDW�

��

&RQWULEXWLRQ�IURP�SXPSV�YDOYHV��QR�LQIR�VKDNLQJ��VHHPV�QRW�DV�VLJQLğFDQWĽ
Ɣ Ľ�HYHQ�PRUH�VR�FRQVLGHULQJ�WKDW�WKH�PHDVXUHPHQWV�ZHUH�PDGH�ZLWK�QR�FOHDQLQJ�RI�

WKH�V\VWHP�
Ɣ Ľ�DQG�SDUWLFOHV�DUH�FROOHFWHG�YHUWLFDOO\��WUDMHFWRU\�FRPSDWLEOH�ZLWK�JUDYLWDWLRQDO�

DFFHOHUDWLRQ�RQO\�

$EDIĠH� �Ÿ5
�
WXEH���Ÿ�5

�
WXEH�K

�
EDIĠH��䍙����P

�
)URP�(7�����$����
�SURYLVLRQDU\��DQG�
DVVXPLQJ�ĠDW�EDIĠH

(7�����$���

Contribution from pumps/valves seems not significant (no info on shaking)

Contribution to scattering light due to dust crossing the beam is under study



Requirements on welding underground
M. Barel

• Welding beampipe modules can contaminate the vacuum vessel
• Can be minimized using lips at the modules end as done in Virgo

• Safe working condition underground
Legal framework: 
- Directive 89/391/EEC contains measures to promote the improvement of the  safety and health of 
workers at work. 
- Directive 98/24/EC of the Council concerning the protection of the health and safety of workers from 
the risks related to chemical agents
- Directive 2004/37/EC of the European Parliament and of the Council on the protection of workers 
from the risks related to exposure to carcinogens or mutagens at work (amended by Directive (EU) 
2017/2398.
knowing the type of welding, people involved and exposure time, we can put the requirements on the 
ventilation. First rough estimation: 5 time swap out/h  of the confined space volume.
The occupational exposure limit (OEL) is stated to be a maximum of 1 mg/m3 of occupational 
exposure to welding fumes per person per day [NL] (depends on the country)
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THANKS

To people interested on beampipe requirements: 
Please join the dedicated section on Wednesday at 15.30  
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