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The Problem

Source OccupancyDose 
Constraint

Thickness and Material of Barrier
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The Radiation Source

primary

wall 
scatter

tube 
leakage

patient 
scatter
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Primary and Secondary

• Primary
– Usually stopped

• Secondary 
– Scatter
– Leakage
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Design Constraints

• Based on exposure 
levels

• Public area
– 0.3 mSv per year

• Designated areas 
higher
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Occupancy

• Staff room 100%
• Corridor 20%
• Toilet 10%
• Stairway 5%
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Calculation
• Decide design constraints
• Modify design constraints according to 

occupancy
• Determine incident kerma at partition

– Don’t forget floors and ceilings
• Calculate transmission factor required
• Determine thickness of shield required
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Determining Primary Kerma
• Film dose (if beam fully intercepted)

– Absorbed dose required to produce image
• 400 speed - 10µGy
• 200 speed - 20µGy

– Distance correction using inverse square law
• Entrance Surface Dose (if not)

– Determined from ESD/DAP reading
– Distance corrected as above
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Determining Secondary Radiation

• Leakage
– Much lower than scatter
– Ignore

• Scatter from walls
– Much lower than other sources
– Ignore

• Scatter from patient
– Empirical formula for maximum scatter kerma
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Scatter v Angle

McVey & Weatherburn, BJR 77, 2004
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Secondary Scatter Kerma

( )[ ]5.2*031.0max += kVpS

Units are µGy (Gy.cm2)-1 @ 1m
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Transmission (B)
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Dc is the annual dose constraint

Kinc is the kerma incident on the wall each week

T is the occupancy
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Transmission through Lead
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Relation between Transmission
and Material Thickness
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Where: B is the broad beam transmission factor

x is the shielding material thickness

α,β and γ are fitting parameters
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Empirical Formula : Thickness
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Fitting Parameters

0.3591.6980.317350Concrete
….…….70
0.5630.1810.092050Brick
0.5397.9232.219125
0.75615.282.500100
0.77318.833.06790
0.58823.495.36970
0.29627.288.80150
0.34717838.830Lead

γβαkVpMaterial
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Example

1m

1.5m

WALL A

WALL B

Chest 
Bucky

Table
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Workload Factors
• Total weekly workload 500 Gy cm2

– 400 films at 90 kVp
– 10 cross-table spine films at 100 kVp
– 100 chest films (using Bucky) at 125 kVp
– ESD for chest films is 0.1mGy
– All films 400 speed
– FFD 1m unless stated otherwise

• Occupancy factors for adjacent rooms 100%
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Other Information
• Film Cassette has transmission factor of 

50%
• Chest Bucky has transmission of 2.7%
• Chest films (using chest bucky) have an 

FFD of 3.5m.
• For chest films the entrance surface to film 

distance is 0.5m
• Annual dose constraint is 0.3mGy
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Information Required
1. Shielding required for Wall A.
2. Shielding required for Wall B if Chest 

Bucky blocks entire x-ray field.
3. Shielding required for Wall B if Chest 

Bucky does not block entire x-ray field.

All shielding to be calculated in mm of lead
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