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Outline 
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1. Operational scenario(s) until Long Shutdown 3 

 

2. Residual dose rate predictions for ATLAS and CMS and for the  

    different Long Shutdowns 

 

3. Dose rate scaling factors between Long Shutdowns and for different  

    cooling times 

 

4. Residual dose rate estimates for LSS1 and LSS5 and consequences  

    for work procedures 

 

5. Radiological optimization of the HiLumi LHC design  
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Operational scenario(s) 

HL-LHC WP8 – RP Aspects 30 November 2012 

2015 2016 2017 LS2 2019 2020 2021 LS3 

ATLAS Lint (fb
-1) 52 41 41 83 83 83 

Lpeak (cm-2s-1) 1.0×1034 1.0×1034 1.0×1034 2.0×1034 2.0×1034 2.0×1034 

CMS Lint (fb
-1) 50 80 100 150 150 150 

Lpeak (cm-2s-1) 1.2×1034 2.3×1034 2.5×1034 3.5×1034 3.5×1034 3.5×1034 

L.Rossi / HiLumi Workshop, Frascati 
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Residual dose rates LS1 – ATLAS  
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mSv/h 

contact 
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Predictions for March 2013 based on TS3 survey measurements 

FLUKA calculations for LS1, 4 months of cooling 
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Residual dose rates LS1 – CMS  
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Predictions for March 2013 based on TS3 survey measurements 

mSv/h 

contact 

40 cm 

1 m 

FLUKA calculations for LS1, 4 months of cooling 
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Residual dose rates LS1 – CMS   
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one month 

4 months 

6 months 

one year 

FLUKA calculations for LS1, cooling time dependence 

tcool 

Scaling 

factor 

One month 1.0 

4 months 0.35 

6 months 0.23 

One year 0.12 
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Residual dose rates LS2 – ATLAS   
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Residual dose rates LS2 – CMS   
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Residual dose rates LS3 – ATLAS   
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Residual dose rates LS3 – CMS   
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Scaling factors   
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tcool LS1 LS3 

One month 1.0 1.0 

4 months 0.35 0.47 

6 months 0.23 0.35 

One year 0.12 0.2 

2015 2016 2017 LS2 2019 2020 2021 LS3 

ATLAS Lint (fb
-1) 52 41 41 83 83 83 

Lpeak (cm-2s-1) 1.0×1034 1.0×1034 1.0×1034 2.0×1034 2.0×1034 2.0×1034 

CMS Lint (fb
-1) 50 80 100 150 150 150 

Lpeak (cm-2s-1) 1.2×1034 2.3×1034 2.5×1034 3.5×1034 3.5×1034 3.5×1034 

tcool = 4 months ATLAS CMS 

LS2 / LS1 4.1 9.0 

LS3 / LS1 8.5 16.0 

LS3 / LS2 2.0 1.7 

Evolution of residual dose rates from LS1 until LS3 

Cooling time dependence of residual dose rates 



12 

Residual dose rates LS3 – LSS1/5  

30 November 2012 

tcool = 4 months ATLAS CMS 

LS2 / LS1 4.1 9.0 

LS3 / LS1 8.5 16.0 

LS3 / LS2 2.0 1.7 
Point 5 - left 

mSv/h 

contact 

40 cm 

1 m 

4 month cooling Point 1 – left 

HL-LHC WP8 – RP Aspects 
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Residual dose rates LS3 – TAN at Point 1  

30 November 2012 

4 month cooling 

HL-LHC WP8 – RP Aspects 

µSv/h LS1 LS2 LS3 

top 35 140 300 

side 18 74 150 

inside 2600 10700 22100 

top 

side 

inside 
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Radiological classification 
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EDMS No. 810149 

LSS1 and LSS5 will be Limited Stay Areas during LS2 and LS3 with local 

spots classified as High Radiation Area 
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Optimization – Safety Code F 

HL-LHC WP8 – RP Aspects 30 November 2012 

Optimization starts with the design! 
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Optimization is legal requirement if accumulated  

dose exceeds 100 μSv (ALARA) 

 

Optimization includes: 

 
• work coordination 

• work procedures 

• handling tools 

• design  

• material 
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Optimization – ALARA procedure 

Group 1 criteria: determine ALARA Level classification 

Group 2 criteria: can be used by RP/RSO to increase  

                           classification 

 

Formal work-and-dose-planning (DIMR) as from  

ALARA Level 2 

 

ALARA committee if ALARA Level 3 
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Work- and dose planning (DIMR) 

Optimization – ALARA procedure 
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Optimization during design – Intervention doses 
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Methodology: 

1. Calculation of residual dose rate maps 

 

 

 

 

2. Calculation of individual and collective intervention doses 

 

 

 

 

 

 

3. Revision of design and/or work scenario 

• for cooling times typical for interventions on the respective component 

• based on nominal operational parameters 

• definition of geometry and materials as detailed as needed (and available) 

• based on as realistic as possible work scenarios, including locations, duration, number of  

      persons involved,.. 

• identification of cooling times below which work will be impossible  

      (design criterion: 2 mSv/intervention/year) 

• communication of results and constraints to equipment groups 

• start with work steps that give highest individual or collective doses 

• consider optimization measures (distance, tooling, etc.) 

• identify if remote handling is possible 

Start of iteration:  New design ?                             Step 1 

Revised work scenario ?            Step 2 
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Optimization during design – Intervention doses 
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Example:   inner triplet disassembly  
                        (presented at the LHC IR Upgrade Phase I, TDG Meeting, 04-12-2008) 

 

 

Two options:      

 

           1. Grinding tool                        + precise, no damage to magnets 

                                                            - slow, dust, smoke 

 

           2. Remote controlled cutter     + fast, no splints or dust 

                                                           - damage to instrumentation and magnets 
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Optimization during design – Intervention doses 

HL-LHC WP8 – RP Aspects 30 November 2012 

Option 1: Grinding tool Option 2: Remote controlled cutter  

Option 1 clearly excluded! Courtesy: M.Fuerstner  
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Optimization during design – Material choice 

HL-LHC WP8 – RP Aspects 30 November 2012 

Goal: • Minimize doses received by personnel during maintenance and repair 

• Reduce costs for waste disposal 

 

     Consider radiological hazards in the choice of construction materials 

Tool to optimize material choices: 

        

                                                     ActiWiz   
                                                                   (Authors: C.Theis and Helmut Vincke) 

 Computer code based on a risk model using pre-calculated FLUKA results. Considers external exposure  

         and radioactive waste disposal  

 Provides radiological hazard assessment for arbitrary materials within a few seconds 

 Catalogue, produced with ActiWiz, listing pre-processed risk factors for typical accelerator construction  

        materials as well as natural elements 

 Web-based catalogue (ActiWeb) allowing user friendly comparison of pre-processed materials 

  

Materials not available in the catalogue can be processed with ActiWiz  

      

Web-site: https://actiwiz.web.cern.ch/ 
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Optimization during design – ActiWiz 

HL-LHC WP8 – RP Aspects 30 November 2012 
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Optimization during design – ActiWiz 

HL-LHC WP8 – RP Aspects 30 November 2012 
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Optimization during design – ActiWiz 

HL-LHC WP8 – RP Aspects 30 November 2012 
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Summary 

LS3 dismantling activities: 

 
- Activation and residual dose rates will increase from LS1 until LS3 by factors  between 8 and 16. 

 

- LSS1 and LSS5 will become Limited Stay Areas until LS3 with residual dose rates (few months  

      cooling) in the aisle of about 100 µSv/h, reaching several mSv/h close to most radioactive objects. 

 

- Thus, the total duration of stay of a person in the area during one year must not be more than  

      ~2 days (to stay below an individual annual dose of ~2mSv). 

 

- Development of tools and work procedures for dismantling should be studied in parallel to the upgrade  

     as it may affect the length of LS3. Related experience should be considered in the design for HiLumi  

     LHC. 

Optimization of HiLumi design 

 
- As successfully done during the LHC design, all components to be installed in high-loss regions  

     (e.g., LSS1 and LSS5) must be optimized for future handling and radioactive waste disposal  

     (material choice and technology). 

 

- Radiological assessments, including detailed FLUKA calculations, will be performed as soon as design  

      choices have been made which may then serve as input to assess design options. 


