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Outline

1) Operational scenarios until 2016  (source: M.Lamont)

2) Evolution of dose rates and activation from 2013 until 2016

3) Radiological situation in Points 3&7 during Long Shutdowns 2013 and 2017

4) Uncertainties and further verification

5) Summary and conclusions

a) Purely based on run parameters

b) Obtained with generic simulations using actual irradiation profile

a) LSS3/7 (transport of material and equipment, installation of cables, etc.)

b) DS3/7 (modification and installation work)
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Year of operation 2010 2011 2012 2014 2015 2016

Number of days physics 39 129 193 120 200 200

Energy (TeV) 3.5 3.5 4.0 6.5 7.0 7.0

Fraction of nominal beam intensity 13% 32% 53% 53% 100% 100%

Peak luminosity (cm-2s-1) 1.0×1032 1.0×1033 2.7×1033 5.0×1033 1.0×1034 1.0×1034

Integrated luminosity (fb-1) 0.05 4 10.9 9 40.4 40.4

Operational scenarios for proton runs Source:  M.Lamont 8/6/2011

Activation ratios for shutdowns 2013/2010 2017/2013

Short cooling time 

(scaling w/ beam intensity & energy)
4.1 2.8

Long cooling time 

(scaling w/ total number of circulating protons & energy)
29.0 5.7

Short cooling time 

(scaling w/ luminosity & energy)
27 5.6

Long cooling time

(scaling w/ integrated luminosity & energy)
300 10.0

beam intensity

dependent activation

luminosity

dependent activation

rough scaling of activation based on above parameters:

- scaling with energy (7TeV / 4TeV): factor of 1.5 (obtained with generic FLUKA simulations)

- heavy ion run not considered, assuming linear scaling of losses with beam intensity / luminosity, etc.
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more accurate scaling factors for activity generic study
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Generic study

Tank 

Stainless Steel

Thickness: 6 mm

Cooling system 

Copper (scaled density)

15 x 80 mm2

Jaws 

graphite

25 x 80 mm2

Structure 

Stainless Steel

Thickness: 6/10 mm

Gap

Full width: 12mm

“Collimator” (length: 120 cm)

x in cm

y in cm

10 x 10 cm2

Scoring of residual ambient dose 

equivalent rate at different cooling 

times 
(using actual irradiation profile for 2010-2016):

x
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Dose rate scaling parameters

Dose rate ratios for shutdowns 2013/2010 2017/2013

Short cooling time 4.1 2.8

One week cooling 6.9 3.1

One month cooling 9.2 3.2

Four months cooling 14.9 3.6

Long cooling time 29 5.7

Evolution of residual dose equivalent rates until 2017 

(for areas where activation is related to the beam intensity, e.g., IR3/7)

Dose rate relative to one month cooling

One week cooling 1.7

One month cooling 1.0

Four months cooling 0.4

Dependence on cooling time
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generic study

scaling w/ beam intensity

scaling w/ total number 

of circulating protons
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Dose rate predictions – LSS3

Dose equivalent rates (μSv/h) (about two months cooling)

• Scaling assumes the IR7/3 loss ratio of the 2010 run

• Possible increased losses from combined momentum/betatron cleaning not included

• Contribution from beam-gas interactions not included (<1µSv/h in aisle, see later)

IR3-Right
January 2011

(measurement)

January 2013

(Jan.2011 x fac.15)

January 2017

(Jan.2011 x fac.54)

Element Contact Aisle Contact Aisle Contact Aisle

TCP 13.0 0.3 195.0 4.5 702.0 16.0

TCAPA 24.0 0.7 360.0 11.0 1300.0 38.0

D3 7.0 105.0 380.0

TCSG.5 7.5 0.2 113.0 3.0 405.0 11.0

MQWA.C 9.0 135.0 490.0
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Dose equivalent rates (μSv/h) (about two months cooling)

IR7-Right
January 2011

(measurement)

January 2013

(Jan.2011 x fac.15)

January 2017

(Jan.2011 x fac.54)

Element Contact Aisle Contact Aisle Contact Aisle

TCP.D6 10.0 1.2 150.0 18.0 540.0 65.0

TCP.C6 18.0 2.5 270.0 38.0 970.0 135.0

TCP.B6 31.0 3.1 465.0 47.0 1670.0 170.0

TCAPA 70.0 3.0 1050.0 45.0 3780.0 160.0

TCAPB 13.0 1.2 195.0 18.0 700.0 65.0

TCSG.A6 8.0 1.5 120.0 23.0 430.0 80.0

TCAPC 65.0 2.5 975.0 38.0 3510.0 135.0

Dose rate predictions – LSS7
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Dose rate predictions – LSS7 S.Roesler et al., EDMS 863919

IR7-Right
January 2017

(Jan.2011 x fac.54)

Element Contact Aisle

TCP.D6 540.0 65.0

TCP.C6 970.0 135.0

TCP.B6 1670.0 170.0

TCAPA 3780.0 160.0

TCAPB 700.0 65.0

TCSG.A6 430.0 80.0

TCAPC 3510.0 135.0

• reasonable agreement for passive absorber 

• dose rate somewhat lower than predicted for first secondary collimator (due to present collimator settings?)

Dose equivalent rates (μSv/h) 

(about two months cooling)
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Dose rate predictions – dispersion suppressors

1) Beam-gas interactions

LS1 (2013) one month cooling

- here: DS at Point 7 (similar for Point 3) assumed BG density: 1×1015 H2 eq./m3

- BG interactions in beam 1 only
Average dose rate in the aisle

2013 2017          

aisle      < 0.2 µSv/h < 1 µSv/h

vacuum pipe         < 5 µSv/h < 20 µSv/h
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2) Point-losses of protons scattered in the collimators

- here: DS at Point 7 (results existing from Phase II collimation review in 2009 providing envelope for Point 3)

Dose rate predictions – dispersion suppressors

LS1 (2013) one month cooling

2013 2017          

aisle      < 0.2 µSv/h < 1 µSv/h

vacuum pipe         < 5 µSv/h < 20 µSv/h
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Uncertainties and verification

• actual beam-gas pressure

• activation by ion and special runs (scrubbing, MD’s, etc.)

• loss assumptions (IR3 vs. IR7)

• differences between actual and simulated geometry (collimator settings, imperfections, etc.)

• FLUKA models (e.g., for prediction of activation) and simulations (statistical uncertainties)

•...

Verification by measurements essential

• survey measurements during technical stops to monitor evolution of residual dose rates

• integrated BLM readings to identify loss points and provide “relative” information

• material samples, especially of materials on which destructive work is foreseen (e.g., civil

engineering, soldering)

Numerous sources of uncertainties:

Example:  interconnect consolidation

- a large number of samples of typical materials (copper, SS, Sn, 

Ag) have been fixed outside of typical and worst interconnects

- allows monitoring of the evolution of activation
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Summary and conclusions - 1

• Based on the operational scenarios for runs 2014-2016, beam intensity-dependent 

activation and residual dose rates will increase by about a factor of 3-4 from shutdown

2013 until shutdown 2017.

Collimation regions LSS3/7:

• Passage through and work in the area will become more and more restricted (maybe

still Simple Controlled Area in 2013, certainly Limited Stay Area in 2017).

• At present, activation in LSS3 is about a factor of 3 lower than in LSS7 (may not be the

case anymore if betatron cleaning is moved to IR3).

• Significant risk of contamination for work that requires machining, drilling etc. in the area.

Dispersion suppressor areas DS3/7:

• Low/moderate residual dose rates expected for most of the area: few µSv/h in the aisle, 

<50 µSv/h on beam pipe or components close to it.

• Nevertheless, beam-line components are radioactive - risk of contamination for work that 

requires machining.
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Summary and conclusions - 2

• (Of course) the installation of DS collimators should be performed as early as 

reasonably possible (ALARA).

• If the installation is postponed to 2017 it is strongly advised to prepare it as much as   

possible, especially to perform all modifications (cabling, etc.) that require work in 

LSS3 (and LSS7?) and any civil engineering (cutting tunnel wall in DS regions)

already during 2013.

• Access and transport should avoid passage along collimation region as much as 

possible. Mobile shielding in front of “hot spots” could relax constraints in this regard.
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Additional information

(RP rules and regulations)
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RP rules and regulations – radiological risks

External exposure

- work in vicinity of activated components

- whole-body dose mostly due to gamma-emitting nuclides

- beta-emitted also contribute to dose to extremities

- legal limits (Radiation workers category B):      6 mSv (whole-body dose)

150 mSv (extremities)

- design constraint: 2 mSv/intervention/year per person

- compare: 

Source:  RP Annual Report 2009
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Internal exposure

- machining, welding, soldering of activated components

- dose due to mobile gamma and beta-emitting nuclides

- risk assessment with nuclide-dependent values adapted from Swiss legislation:

Source:  ORaP, Swiss legislation 

Inhalation Ingestion

RP rules and regulations – radiological risks
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Optimization is a legal requirement if accumulated individual dose exceeds 100 μSv/year (ALARA)

Optimization includes

• work coordination
• work procedures
• handling tools
• design 
• material

Note: 1 Sv = 100 rem
required

optional

RP rules and regulations – ALARA
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Note: 1 mSv = 100 mrem

RP rules and regulations – area classification
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Source:  ORaP, Swiss legislation 

LE values:  
ingestion of activity LE leads 

to a dose of 10 μSv

Radioactive =        specific  and total activities exceed LE

or dose rate at 10cm distance >10 μSv/h


ai
LEii=1

n

> 1Mixture of nuclides:

RP rules and regulations – radioactive material
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