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Consequences of September 19" (2008) event
n sector 3-4 of the LHC
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Collateral damages due
to pressure rise




Oxygen content In the tunnel (sensors on the ceiling)
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~ 10 GJ stored in magnetic field (154 dipoles in series)
Circuit inductance =15 Henrys (T discharge =100s)

LHC quench protection
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Power Converter _-

resistors for energy

Magnet |

AARAS I

Magnet # ®

|

Magnet |

extraction

@
Magnet 15|4

bypass diode

when one magnet quenches, qguench heaters are fired for this m
current in quenched magnet decays in about 200 ms
the current in all other magnets flows through the bypass diode

agnet

that can stand

the current for about 100-200 seconds: resistors are switched in series

R. Schmidt



2 Working Groups to analyse the 19/09/2008 event
« Task Force »

Mandate of the Task Force on the Analysis of the 19 September 2008 Incident

O

O

O

Establish the sequence of facts, based on experimental measurements before
Incident, observations after incident and timing

Analyse and explain the development of events, in relation with design
assumptions, manufacturing & test data and risk analyses performed

Recommend preventive and corrective actions for Sector 3-4 and others

Mandate of the Task Force on Safety of Personnel in the . HC underground

=

O

Establish the sequence of facts related to Safety of Personnel, based on AL3
data and FB emergency intervention records

Analyse the LHC underground environmental conditions with respect to
Safety of Personnel and explain their development in relation with original
risk analyses (incl. Tests) performed

Recommend preventive and corrective actions for the Safety of Personnel in

the LHC underground
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Main works to repair and consolidate the LHC

54 electrical interconnections

14 quadrupole magnets 39 dipole magnets fully repaired. 150 more Over 4 km of vacuum
replaced replaced needing only partial repairs beam tube cleaned

A new longitudinal Nearly 900 new helium pressure 6500 new detectors are being
restraining system is being fitted release ports are being installed added to the magnet protection
to 50 quadrupole magnets around the machine system, requiring 250 km of cables

~ 4P, to be laid



Recommandations of the Task Force on
Safety of Personnel in the LHC underground

All efforts have to be made to limit an incidental helium release and the
resulting overpressure

Any incidental helium release shall be confined to the ventilation sector
where it occurs

This confinement must be carried out in combination with a controlled
release of overpressure to the surface

No access shall be allowed to any ventilation sector of the LHC in which a
large helium release has a non-negligible probability to occur.

R R CEE 1 EE

A ventilation sector is defined as the area directly affected by the overpressure
resulting from the helium release.

A large helium release is defined as being at least of the same order of magnitude
as the release of 19th September 2008 accident.




Separation of the ventilation sectors — Experimental areas
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(O Interface between LHC and Detectors on beam line

O Interface with survey galleries
O Interface between detector caverns and machine areas
@ Interface between experimental service caverns and machine (Pt5 only)
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Sealing of the Experimental Areas art 1)

1) Along the beam line

built for 110mb (expect <32mb), Tmin 200

Sealing around the TAS - ATLAS case
K,
compatible with £15mm adjustment

2) Interfaces with survey galleries

ATLAS: UPS caps on survey ducts and doors
built for 110mb\'
(expect <32mb)
T .n 200K
fire resistant

—
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Sealing of the Experimental Areas (art 2)

3) Interface between experimental cavern and
service areas of the LHC machine

ATLAS: fire (T90) and pressure resistant
doors between US15 and UX15
(certified 40mb, expect <11mb)

N + sealing of all passages of
Pipes and cable trays, spacing

i between shielding blocs.

Use rock wool and Promafoam

(fire resistant), re-enforcement
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Helium release to surface — MCI = 40kg/sec

LHC PROJECT

UNDERGROUND WORKS
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Helium release to surface

Principle is to limit pressure rise in the tunnel

> Sector 1-2:

N

/!

UJ14 closed-PM15-UJ16 open

> Sectors 2-3 & 3-4:

(TI18-PM18 blocked)

N

(TI2 blocked)

UL24 open-PM25-UL26 closed

/!

UL24 closed-PM25-UL26 open

» Sectors 4-5 & 5-6:

N

L —
(U132 « saloon door ») (UP33 blocked)

UL44 open-PM45-UL46 closed

/!

UL44 closed-PM45-UL46 open

> Sectors 6-7 & 7-8:

N

| |
(UL55 « saloon door »)

UL64 open-PM65-UL66 closed

/!

UL64 closed-PM65-UL66 open

> Sector 8-1:

LN

| |
(U376 « saloon door »)

UL84 open-PM85-UL86 closed

/!

UL84 closed-PM85-UL86 open

(TI8 blocked) (TI12 blocked)

UJ14 open-PM15-UJ16 closed
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Controlled Helium release — VVentilation doors

Relief valve type of doors,

in UJ14/16,UL24/26,UL44//46,UL64/66 & UL84/86

Deformation of re-enforced door: |_

30mb = 7,4mm max.

Door re-enforced, opens with 5mb
overpressure from adjacent sector
and stands 30mb from US side.

Door positions monitored from CCC

Temps: 1
B/1072009 10:34 AM

I7. 1
6.




Access matrix for the LHC underground

New access restrictions when main magnets are (or could be) powered

Access conditions in LHC are documented in EDMS N°1010617

Use of US and PM shafts to
evacuate He flow comdemn
access to adjacent sector.
In case of sectors linked
with saloon doors (6/8),
~half of LHC is closed ...

Example of restriction when
powering sector 4-5 >
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Still to do ... Sealing of LHC service areas

Essentially a ventilation issue,
will become a RP constraint at high intensity/luminosity

Need to seal all ducts

Generic case: Pt 2 Need to re-install ventilation

doors in UP27 and UJ27

Foiril e YOAD =LIPZS

Pt T 1T 1T 11 1L L1 L1 L1 =

Poir @ mepmag YA =LLET
FACS0Y=LLET
YOAPGDT=LLI2T
FCARMOT=LLI2T

dioum projedd; IB0E=1610

| Re-enforced ventilation door, acts as relief valve
15




Still to do ... Safety during short access

Liquid He is transferred into surface storage tanks during x-mass breaks
and shut-downs, but remains in the cryostat during short access
= MCI without powering of main circuits can lead to a 1kg/s leak

Fluid Dynamic simulation of a 1kg/s leak Lazlo Daroczy

Situation 15 seconds after opening of the safety valve:
oxygen content (7m upstream) — temperature (7m downstream)

=» Real hazard if present
close to the valve

= "No stay area” marks

painted on the floor

= Need improvement
(Ex. early warning)

Temperature (K)
136.87 167.90 198.92 229.95 260.98 292.00

Oxygen Level

6.2882 9.2306 12.173 15.115 18.058 16




Part 2

R2E - Single Event effects

[J Soft Errors (recoverable)
B Single Event Upset (SEU)
B Multiple Bit Upset (MBU)
B Single Event Transient (SET)
B Single Event functional Interrupt (SEFI)
L1 Hard Errors (non recoverable) T
B Single Event Latch-up (SEL) :
B Single Event Gate Rupture (SEGR) ~
B Single Event Burn-out (SEB)

...,.,a,:.mmlm"
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A Few Numbers (xSections)

PLC-S7-200, Profibus (CV): 5.1x10°7 ¢m? ~1000

_ 9 > —>failures in
24V DC Power Supply (CV): 3.6x10° cm* ~ 5 hominal
PLC-S7-300 (CV): 3.0x108 cm? year in
PLC-Schneider (CV): 2.8x107 cmz  I14/16

(dominated by PS?)

WIC Rack 2.0x107 cm?
PLC S7-300 + FM352-5 Siemens:
Fire Detectors ASD: 5.9x10° cm?
Ethernet Switch: 3.8x108 cm?

Other equipment: former test results, similar equipment, 10-7cm2 or lower!
Uncertainty: up to one order of magnitude (but both directions!)

18



Critical Area Overview
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Summary Of Areas

Markus Brugger

Needed Type of Electronics:

1.0E+11 A
—e=UJ14/16/56 SPECIAL
< - DESIGN
~8=RR13/17/53/57 |
'E 1.0E+10 +
== UPS14/16/54/56 |
—>=UJ33 >
é’ 1.0E+09 { |
e UJ/RE32 = WELL
— - TESTED
—UAB3/67 9 ~ TESTED
C 1.0E+08
Q
—UJ76 E
(8
|
—=t=RR73/77 o
'8 1.0E+07
e US85 - :
3 TESTED
» UJ23/87 < COTS
| 1.0E+06
i UA23/8T =
lg
v RES I

1.0E+05




Possible Strategies




Layout of Point 7

281750 FIN DE PARTIE OROITE FIN DE PARTIE OROITE 284750
246500 | 246500

HAUTEUR FAISTEAL ; 556 R?"[F i EN | HAUTEUR FAISCEAL : 958

_______________________________________________________________________

PARTIE DETAILLEE CI-DESSOUS

Equipment sensitive to'SEE
can be found in UJ76

and in RR73/77

PM76




Point 7: status of relocation & shielding

Strategy for SEE mitigation is described in EDMS # 977085:

O

Prepare space for relocation in TZ76 :
Insure QPS powering

®  Enlargement over 130 m = done Potential drastic accident

Relocate in TZ76 what can be moved: /
® UPS and Network equipment were identified 1st priority = done

B Power converters are next = preparation (cable routing and cooling)
done

B Remaining equipment of 1st floor of UJ76 = slots assigned in TZ76

(thanks to ICL - J.P Corso & A.Tursun)
Shield what cannot be moved:

m Safe room in UJ76 = 40 cm of iron in place on the LHC tunnel
side

B RR73 and RR77 = 40 cm of iron and movable chicane in place

23



Relocation of the UPS

Now in TZ76 =

24




Summary Of Areas

Markus Brugger

Needed Type of Electronics:
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RR caverns with potential radiation concerns
for underground electronics

LHC PROJECT N I - UNDERGROUND WORKS

PMS4




Traditional shaft excavation techniques with 5m diame
Majority of CE work executed during machine operatio

Noise / dust nuisance during CE works less of a proble
New Shaft @5m

g

Risk associated with shafts passing through moraines

Risk to LHC due to vibration still to be assessed

Existing
LHC tunnel

Existing RR

New Access 0@
Existing
LHC tunnel

Snapshot of C:\SMARTEAMProd_Tmp\kosmicki\CAD000283202.CATProduct - 12/9/2009 15:51:41



POINT 1 AREA - GOOGLE PICTURE & TUNNELS

Trafic I Extras || _Plan | Satellite | Relief I

building
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POINT 5 AREA - GOOGLE PICTURE & TUNNELS

[_Trafic B Exras Wl Plan | Satelite [ Relief |




New Shafts and Caverns at Pt1&5: Cost and Schedule

John Osborne GS-SEM

RR13 RR17 RR53 RR57

Site Investigation (borehol 50'000 50'000 50'000 150'000
Site Installation 1'000'000 1'500'000 2'500'000
5m diameter shaft 3'500'000 3'500'000 6'000'000 4'000'000 17'000'000
Base Cavern 2'000'000 2'000'000 2'000'000 2'000'000 8'000'000
Access gallery 750'000 750'000 750'000 750'000 3'000'000
10% Contingency for unknown/missing items 3'065'000
12% Consultancy fees 4'045'800

Total CHF 37'760'800
4 new shafts for LHC RR Caverns - Planning

2010 2011 2012 2013

123456789101112(1 234567 89101112)1 23 4567 8 910111211 23 45678 910111

Assuming "LHC type" procurement
4 DRAFT

Project Approval N

Preparation of concept documents

Market Survey for Design & Supervision Contract

Market Survey for Construction Contract

Site investigation

Building permit application

Call for Tender for Design & Supervision Contract

Preparation of detailed tender documents

Call for Tender for Construction Contract

Construction

23 months fior CE
works




P C

RANT LHC POWER CONVERTERS

O Overview of unknown or critical Items

B UNKNOWN VS RADIATION
B <NOWN or LOW RISK
B SAFE VS RADIATION

=5

Free Wheeling
/ Diode Cards

DC OUTPUTS

E =

Sub Converter 4
Ouput Module

Sub Converter 4
Ouput Module

Sub Converter 3
Ouput Module

Sub Converter 4
Input Module

Sub Converter 3
QOuput Module

AC Power Supply

Sub Converter 2
Ouput Module
Sub Converter 2
Ouput Module
Sub Converter 1
Ouput Module
Sub Converter 1
Ouput Module
Sub Converter 2
Input Module

Sub Converter 1
Input Module

Eletta | Eletta

water Supply _ [
L
[

[
e

> ac-c

[Power Module |

FGC2 Fan Unit

Equipment Stop
Meonitoring Earth Fault

Common Control
Electronic (CCE)
Auxiliary Power Module

e 5D e v

FOC12

;

LHC4-6-8kA-08V

9 June 2010

FGC2 Fan Unit

LHC600A-10V

Yves Thurel / CERN

DC OUTPUTS

-

om ):

1 1.2

A

CENTER PANEL

BOTTOM PANEL

\S)

om)’

1 22

AR

LHC120A-10V
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http://te-epc-lpc.web.cern.ch/te-epc-lpc/default.html

s
— DEVELOPMENT TIME
O LHC Project Typical Development times vs Rad-Tol

Replace. Rad-tolerant Design Production +
Component validation & tests Reception Tests

2010-08 2015-08 2016-01

= Reducing Project duration can only be done reducing the design duration

= Less design time = Higher risk of producing sensitive converter = coherence???

9 June 2010 Yves Thurel / CERN
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http://te-epc-lpc.web.cern.ch/te-epc-lpc/default.html

3) Relocation with Supra-Conducting Links

Amalia Ballarino

Assumptions for the present study:

> At P1 and P5 the preferred solution is the re-location of the LHC
power converters in surface building . Priority is given to the RRs.

I—) Vertical link

> At P7 there is the possibility of a re-location in TZ76.

I—> Horizontal link

(Already done at Pt3 with Nb-Ti at 4.5K, L>400m)

A. Ballarino R2E-Workshop, 10 June 2010



Room temperatgi S

v

Cryogenic environ
(4.5 KLHe in the L

Cold powering system:

1) Current leads in a distribution cryostat
(near the power converters);

2) Vertical electrical transfer (link);

3) Horizontal electrical transfer (link);

4) Cryogenic fluid supply and control,

5) Interconnection to the magnets bus system;

6) Protection of link and current leads.

AW

Tunnel

A. Ballarino

RAD2-Workshop, 10 June 2010



Configuration of superconducting link

O~ mm

N
A4

Vacuum insulatioh
plus MLI

Schildgekiihlte He-Leitung
Screen cooled He-line

Thermal shield

MgB, strand
@ 9%2 Superconducting 200 kA MgB, multi-circuit assembly

® Cu stabilizer 100 electrically insulated cables 120 A, 600 A and 7000 A

A. Ballarino R2E-Workshop, 10 June 2010



Superconducting MgB, multi-circuit cables

< o

i.l mm'
MgB, wire

@ =62 mm

Superconducting fully transposed and stabilized cables with a total current capability of
~120 kA were already assembled at CERN last year.
Sub-cables were tested at CERN at currents of up to 18 kA (@ 4.5 K and in self-field)

A. Ballarino R2E-Workshop. 10 June 2010



Conductors for the superconducting link

Nb-Ti — Tmax < 7 K (Tc = 9 K)

MgB, — Tmax < 20-25 K (Tc = 39 K)
Temperature margin

Bi-2223 or Y-123 - Tmax < 77 K (Tc > 90 K)

Temperature margin:
- Capability of adsorbing higher heat loads;

-Increased stability of the superconductor (lower sensitivity to
thermal or mechanical disturbances).

MgB,

4 .

1.1 mm_

~

Copper Stabilizer
Silver Overlayer
(RE)BCO

BSCCO 2223

4 mm

A

A. Ballarino R2E-Workshop. 10 June 2010



Drilling (400mm

o

Existing
LHC tunnel

N
\\ Existing RR

Existing
LHC tunnel




Relatively quick CE technique

Only possible for maximum 40cm internal
diameter tube down to RR’s, is this
sufficient ?

Risk associated with core this deep eg
boulders in moraines, tolerances

Building permit required for surface
buildings

Could envisage horizontal trenches to convey
the SC power links into the existing surface
buildings at Pt 1 & 5 (+200m of link each time)




Vertical borings and new surface buildings at Pt1&5: Cost and Schedule

Cost estimate for CE for 40cm borings John Osborne GS-SEM
RR13 RR17 RR53 RR57

Site Investigation (boreholes) 50'000 50'000  50'000 150'000 POINT 1 POINT 5
Site Installation 500'000 1'000'000 1'500'000 Hauteur 80m 90m
40cm core 450'000 450'000 700'000 650'000 2'250'000 Diametre 40cm 40cm
Base Cavern modifications 50'000 50'000 50'000 50'000 200'000 Morraines| 0 a-20m 0a-50
Surface Buildings 200m2 1'000'000 1'000'000 1'000'000 1'000'000 4'000'000 Molasse -20ma- |-50m a-90m
10% Contingency for unknown/missing items 810'000
12% Consultancy fees 1'069'200

Total CHF 9'979'200

ESTIMATE ACCURACY +/- 20%

4 new 40cm diameter drillings to LHC RR Caverns - Planning

2010 2011 2012 2013
123456 7891011121 2 3 4 5 6 7 8 91011121 2 3 4 5 6 7 8 91011121 2 3 4 5 6 7 8 9 10111

Assuming "LHC type" procurement

_ * DRAFT
Project Approval

Preparation of concept documents e
EE
[

Market Survey for Design & Supervision Contract
Market Survey for Construction Contract

Site investigation

Building permit application

Call for Tender for Design & Supervision Contract
Preparation of detailed tender documents |

Call for Tender for Construction Contract
Construction | 3)

Lead time for construction 12 months for CE
work to start approx. works 40
18months



Summary

Helium release issues and Single Event
Effects mitigation are totally different subjects,
but the main and obvious lesson is the same:
These problems need to be addressed at an
early stage of the project, late fixing Is difficult,
very expensive, long to achieve and usually not

fully satisfactory.
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