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“Scope of the review:

The scope of this review is:

• …

• To put in evidence possible integration issues and safety aspects.”

( https://indico.cern.ch/event/831552/overview )

 This presentation summaries the data reported in EDMS 2168987

 Based on FLUKA Monte Carlo simulations (HL-LHC v1.3)

 Preliminary RP overview → (!SPOILER!) new estimation needed considering HL-LHC v1.5

 As we saw yesterday (Oliver’s talk) a significant number of elements in the IR must be replaced 

→ (!SPOILER!) a detailed planning of the activities is required also from the RP point of view.

https://indico.cern.ch/event/831552/overview
https://edms.cern.ch/document/2168987/1
https://indico.cern.ch/event/831552/contributions/3484587/attachments/1896983/3130123/Introduction-V1.pdf
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6/20 mSv/yr 1 mSv/yr 0.3 mSv/yr

Occupationally Exposed

On CERN site

Other workers

On CERN site

Population outside CERN

Optimization / ALARA to be demonstrated

100 mSv/yr 10 mSv/yr 10 mSv/yr

Limits

Design criteria

Optimized (by definition)

On CERN site
SAFETY CODE F 

(EDMS 335729)

Optimization by balancing:
 Individual doses

 Number of persons exposed

 Risk & costs

 Consequences of potential failures
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 Operation

 dose equivalent to personnel by stray radiation in accessible areas

 activation of water and air and their release into the environment as well as the resulting 

annual dose to the reference groups of the population

 dose equivalent to personnel and environment in case of abnormal operation or accidents

 Shutdown

 induced radioactivity in accelerator components and related residual dose equivalent rate

 individual and collective doses to personnel during interventions in radiation areas

 Decommissioning

 waste minimization

 radionuclide inventory for waste disposal
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New 
design?

Step 1

1. Calculation of 
residual dose 

rate maps

→ for cooling times 
typical of 

interventions 
scenarios

→ based on 
(nominal) operational 

parameters

→ definition of 
geometry and 

materials as detailed 
as needed (and 

available)

2. Calculation of 
individual and 

collective 
intervention doses

→ based on a realistic 
work scenarios, 

including locations, 
duration, number of 
persons involved,..

→ identification of 
cooling times below 
which work will be 

impossible 

→ communication of 
results and constraints 
to equipment groups

3. Revision of 
design and/or 
work scenario

→ start with 
conservative 

scenarios that give 
highest individual or 

collective doses

→ consider 
optimization 

measures (distance, 
tooling, material 

choices, etc.)

→ identify if remote 
handling is possible

Revised working 
scenario?

Step 2

Optimization = Iterative process
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 Maps available for IR1 and IR5 (LHC & HL-LHC v1.3) and for LS2/LS3/LS4 at different cooling times (1h-1yr)

 Shared models with the FLUKA/R2E team (see Giuseppe’s talk)

 Maps used to estimate the individual/collective doses

C. Adorisio, EDMS 2168987



2. Calculation of individual and collective dose: 
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LHC’s procedure

 First estimation done considering the

current procedure (elements from D1 up

to cell 6).

 vertical measurements, 2 workers, 10

minutes next to each element, ~2 hours

work.

 measurements have to be done “as soon”

the machine stops.

 alignment, if needed, can be done at

longer cooling time.

 Very high individual and collective

doses even at long cooling time.

C. Adorisio, EDMS 2168987
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HL-LHC’s procedure

 Full Remote Alignment (FRA)

 Permanent remote monitoring system for the

equipment up to Q5

 Motorized jacks for the main components (D1,

TAXN, D2, crab cavities, Q4, Q5)

 Fast adjustment system made of plug-in motors to

perform remote alignment (estimated time to plug it

in and out: 2 minutes)

 Access for measurement and alignment needed only

on cell 6 elements (TCL6, mask and Q6), as it is done

today

C. Adorisio, EDMS 2168987
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 The preliminary estimation was performed considering the first LS in the HL era (ultimate conditions) → 

nominal conditions ~ 30% less (EDMS 2168987).

 Secondary elements measurement and alignment not taken into account in these examples (e.g. vacuum 

equipment, BPMs…) → more detailed list of actions would give a more accurate estimation.

 This preliminary evaluation clearly shows the benefit of an optimized (& remoted) procedure.

 Time is mature to perform a new estimation since HL-LHC v1.5 optics now available. 
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