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FROM DESIGN TO
CONSTRUCTION

Schematic Design

Design Development
Construction Document
Construction Administration

|deally shield designer should beinvolved in all
four stagesto ensurethat design is effective and
that facility is constructed per design




PART 1- DESIGN

Prerequisites For Shield Designer
Radiation Therapy Accelerator
Schematic of an Accelerator Head
Radiation Sour ces —Photons

Photo Neutron Production

Conventional Therapy
Monitor Units

Intensity M odulated Radiation T herapy
(IMRT)




PART 1-DESIGN Continued

Workload

Total Body Irradiation
Use Factor

Occupancy Factor
Regulatory Limits

Design Limits

Aver age Photon Energies
Shielding Materials
Shielding Tables

Tenth Value Layers




PART 1-DESIGN Continued

Sour ces of Radiation
Primary Barrier
Secondary Barrier
Laminated Barriers
M azes

Direct Shielded Doors
Ducts and Penetrations
Skyshine

| nteractions with Architect
Room L ayout

Shielding Report




PART |l -CONSTRUCTION

Rebar Installation
Concrete Form Work
Form Ties
Physicist’s Conduit
Concrete Pour

Interlocking Lead Bricks

Shielding with Intelocking Lead Bricks
L inac Door

Shielded Soffit




PART 1: DESIGN
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Prerequisites For Shield Designer

Basic under standing of photon and neutron
shielding methodology

Prior experiencein shielding design

—amiliar with NCRP 49, 51 and 79
Registered/licensed in applicable State/Country
K nowledgeable about relevant regulations

—Familiar with architectural and construction
terminology and drawing

Possess professional liability insurance

Have accessto manufacturer’sdata on linacs
(Varian, Siemens and Elekta)




Therapy Accelerator

Linac i1s mounted on a
gantry

Gantry rotates 360
degrees around isocenter

| socenter islocated at 1
m from thetarget.(in
patient plane)

Target islocated In
accelerator head




Schematic of an Accelerator Head
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Schematic of an Accelerator Head
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Radiation Sources - Photons
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Photo-Neutron Production
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Element Atomic Number | Abundance (%) E. (.n)
(A)

H 2 0.02 2.23
Be 9 100 1.67
Cu 63 69.2 10.85

65 30.8 kel

W 180 0.1 8.41

182 26.3 8.06
183 14.3 6.19
184 30.6 741
186 28.6 7.21
Pb 204 1.4 8.4
206 24.1 8.09
207 22.1 6.74
208 52.4 7.37




In Field Simulated Photo-Neutron
Spectra At Isocenter
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ELEKTA SL20i 18 MV. Comparison between
experimental and simulated data (at 8 cm
from isocenter)
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Intensity M odulated Radiation
Therapy (IMRT)
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Workload
Study of 10 Prostate Cases
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Conventional

Unwedged  Wedged
Beam Energy

(MUICGy)  (MUIcGY)

oMV 12 2.4
18 MV . 15

25 MV . 15

IMRT

Varian MLC Nomos
MLC
(MU/cGy) (MU/cGy)

3.4 9.7
2.8 8.1
2.8 8.1
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Workload Calculation

Conventional Therapy

Conventional Therapy + 20% IMRT (F = 6)

With 20% IMRT and IMRT Factor of 6, secondary barrier workload
Increases by a factor of ~2
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Regulatory Limits (10CFR20)
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Design Limits
Controlled Area

Non-Controlled Area
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Angle () 6 MeV 10 MeV 25 MeV
0-15 1.76 2.55 4.75
15-35 1.82 2.10 2.30
35-55 1.63 1.77 1.91
55-80 1.50 1.65 1.68
80-100 1.43 1.51 1.59
100-125 1.38 1.51 1.54
125-145 1.34 1.47 1.59
145-160 1.43 1.38 1.59
160-180 1.42 1.52 1.57
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Material | Density | Radiation Type Advantage Disadvantage
(g cm™)
Concrete 2.35 Photons and | nexpensive Too much space
neutrons
High Density | 3.8- 4.6 Photons and Gain space Expensive
Concrete neutrons
Earth 1.4-1.6 Photons and Free Difficult to
neutrons control
Polyethylene | 0.92 Neutrons Gain space Thermal neutron
capture-2.2 MeV
Borated 0.95 Neutrons High cross- Expensive
Polyethylene section for
(5%) thermal
neutrons, 0.48
MeV
Steel 7.87 Photons Save space Produce neutrons
L ead 11.35 Photons Save Space Produce neutrons




Angle (9 6 MeV 10 MeV 25 MeV

Primary 36.7/31.3/32.3 | 41.0/36.7/37.7 | 48.2/145.4/45.6
0-15

Leakage | 35.3/28.6/29.3 | 36.6/31.1/32.8 | 37.7/33.8/36.7
35-55

Leakage | 34.1/27.5/28.4 | 34.9/29.3/31.1 | 35.9/31.9/34.7
80-100

Leakage | 33.3/26.1/26.9 | 34.7/28.6/29.9 | 35.5/30.5/32.5
125-145
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Energy | Material | Density Primary Primary
(MV) (g/cm3) TVL, TVL,
Inches (mm) I nches (mm)

NCRP 51 NCRP 51
6 Concrete | 2.35 14 (356)
Steel 7.85 4.0 (102)
L ead 11.35 2.2 (56)

15 Concrete | 2.35 18 (457) 17 (432)
Steel 7.85 4.2 (107)
L ead 11.35 2.2 (56)
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Energy (MV) Neutron Primary TVL in inches (mm) Leakage TVL 90°in
Dose inches (mm)
Equivalent
Yield, Y
* %
BJR | BIR | (Sv/IGy) Concrete Steel L ead Concrete | Steel L ead
11* 17
4 4 11.4 (240) 3.6 (91) 21 (53) | 10(254) | 3.1(79 1.8 (46)
6 6 13.5(343) 3.9 (99) 22(56) | 11(279) | 3.1(79 1.8 (46)
10 10 0.004 15.3 (389) 4.1(104) | 22(56) | 12(305) | 3.3(84) 1.8 (46)
15 16 0.07 17.0 (432) 42 (107) | 22(6) | 13(330) | 3.4(86) 1.9 (48)
18 23 0.15 17.5 (455) 44(112) | 22(56) | 13(330) | 3.4(86) 1.9 (48)
20 25 0.18 18.0 (457) 44 (112) | 22(56) | 13.5(343) | 3.5(89) 1.9 (48)
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Primary Secondary

Barrier\ Ba‘tr/rier

Door
Secondary Barrier

M aze
Maze P
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Primary Barrier
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Primary Barrier Calculation
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Laminated Barriers

*McCall and Kleck, Med. Phys. 21, 975 (1994) abs

Ipe_10May04

40



Laminated Barrier -McGinley’s M ethod
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Width of Primary Barrier Continued
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Celing Plan -Tapered L ead

Concrete

L ead
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Secondary Barrier —L eakage Calculation
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Secondary Barrier- Leakage

T~

Secondary
e P Barrier
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Compton Scattering
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Secondary Barrier-Patient Scatter
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Secondary Barrier- Patient Scatter
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Scattering
Angle

Oearess 6 MV 10 MV 18 MV 24 MV
10 1.68x 102 | 1.69x 102 | 243 x 102 | 2.74 x 10
20 1.15x 102 | 1.03x 102 | 1.17x 102 | 1.27 x 10
30 536x 103 | 6.73x 103 | 7.13x 103 | 7.21 x 103
45 297 x 103 | 3.25x 103 | 3.05x 103 | 3.06 x 103
60 1.74x 103 | 1.84x 103 | 1.42x 103 | 1.37 x 103
90 7.27x104 | 7.14x 104 | 3.75x 104 | 3.53 x 104
135 4.88x 104 | 3.70x 104 | 259x 104 | 2.33x 104
150 3.28x10% | 3.16 x 104 | 226 x 104 | 2.12 x 104
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Secondary Barrier-Wall Scattering

dsca dsec
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Direct Shielded Doors

Door
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DOOR DETAILS

6.3 mm STEEL
102 mm
BORATED
POLY 25.4 mm STEEL
25.4 mm
12.7 mm x 254 mm

LEAD BORATED POLY

12.7 mm

25.4 mm gap STEEL

6.3 mm
STEEL
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Mazes —Scattered Primary Photons

1<Height/Width <2,: 2<dr,/(A,)Y2>6
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M azes —Scatter ed L eakage Photons
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_aD,(F/400)a, A

Ps™ (dendecdy)?
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M azes —Scatter ed Neutron Dose
1. Kersey Method*

2. McCall’s Albedo Method (NCRP 79) d
3. McGinley’sMethod in Ref. 6 /

* Kersey, R.W. Medicamundi 24, 151
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M azes —Scatter ed Neutron Dose
3. McCall’sModified

o D, =Dy 9™

/
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M azes —Scattered Neutron Dose

4. Measurements by Ipeet al* for 6 m long maze
with tungsten moder ated 252Cf

9. Comparison of Monte Carlo and analytical methodsin
paper by Carinou et al**.

6. For mazeswith additional legsrefer to NCRP 114
7. Improve maze effectiveness

*Ipeet al . Proc. of ANS RPSD 1998
**Carinou et al. Med. Phys. 26 (12), 1999.
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Radiation Measurementsfor IMRT

*1pe et al, Proceedings of World Congresson Medical Physicsand
Biomedical Engineering, July 2000, Chicago
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IMRT Shielding Summary

Dependson IMRT system and plan detailsincluding

effective energy of thelinac
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Shielding for Ducts and Penetrations
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Photon Skysnine —-NCRP 51 M ethodolgy

Primary Beam

L eakage
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Neutron Skyshine—-NCRP 51 M ethodolgy
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| nter actions With Architect
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Room L ayout/Architectural Drawings
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Shielding Report Continued
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Shielding Report Continued
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Shielding Report Continued
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Courtesy of Rudolf and Sletten

http://www.r sconst.com
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| nteractions With Contractor
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CONCRETE FORM WORK
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Shielding With Interlocking L ead
Bricks
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Lateral Lead Wall And Celling

e Lead wall is
supported with steel
tubes

* Better than bolting
thelead to the walls

e Vault isunderground
and requires some
celling shielding
where building ends
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Linac Door Construction
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Linac Door Construction
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Linac Door Construction

e Borated polyethylene
shielding isadded in
front of lead

e Order of shieldingis
Important
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L 1inac Door

8000 Ib door

Appropriate door operators
and hingesto be used, and
hingesto be hung correctly

Door will requireinterlocks,
Kill switches, emergency power
or battery back up

Door opening and closing times
meet ANSI standards.

May requireapressure
SeNsor's, presence Sensor s etc.
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Shielded Soffit

Openings above
thedoor used for
HVAC,
mechanical ducts,
and plumbing and
electrical i

Conduits and
ducts shall follow
the maze.
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Recommended References
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