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Overview

* Motivation: lonometry and calorimetry

e MC calculations for calorimeter design parameters
(build-up curves, overall dimensions for full scatter,
dose distributions)

 MC calculated correction factors (vacuum gap,
Inhomogeneity, volume averaging)

e Summary
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Current calibration method:
air kerma based approach

(lonometry)
Calibration set-up

 Reference air kerma rate
(RAKR) of brachytherapy
photon source measured
with primary standard
cavity chamber

e Source strength in terms
of Gy/lsatlm

e Conversion from RAKR to
absorbed dose to water

using AAPM TG-43 _
protocol —
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Nucletron micro-Selectron source



Alternative measurement method:
absorbed dose based approach

(Calorimetry)

* Objective: avoid conversion of RAKR to absorbed dose

* Overall standard uncertainty in conversion using TG-43
IS estimated to be 5% (clinically significant)

 Development of a prototype calorimeter for HDR
brachytherapy sources A

 Direct measurement of absorbed dose @
I—P

E i
Dpoint =0 = CpAT |fvtk\h; A
m R
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EGSnrc Monte Carlo simulations

e Various aspects of calorimeter modelled with DOSRZnrc
— Default settings used (incl. PRESTA-II)
— ECUT =10 keV, PCUT =5 keV
— All calculations to <0.1% standard uncertainty
e Source (Nucletron microSelectron Classic):
— Bare ¥?Ir spectrum used for 1°?Ir cylinder

— Source encapsulation and steel cable:
AlSI 316L stainless steel i -

<4— 3.50mm

\

0.40imm
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AISI 316 Stainless steel capsule

AIS| 316L Active Iridium-192 core
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MC geometrical inputs
DOSRZnrc model for calorimeter

EiZE file name TS0031 Source centrad.
z2=7cm
Core height Z 0.5 cm, core thickness: 0.2 cm
Centre-to-centre source-lo-care: 2.5 cm
Geometrical inputs
R
radii ([em)
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Build-up curves in water and graphite

D x r2 per emitted photon, Gy cm 2

Nucletron microSelectron Classic Ir-192 source in water and graphite
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2 3 4 5 6 7 8 9 10

Water equivalent radial distance R, cm

(Hen/P)q = 1.11 for mean *4Ir energy
(encapsulated source: 397 keV)

Energy dependent - calculate fluence spectrum



Scatter build-up along R-axis

% 5 cm

% 4 cm

3 Ccm

2 Ccm

ROI=1mmx1mm 2 1 cm
| — |

NPL Ocm 20 cm



Scatter build-up along Z-axis
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Scatter build-up in graphite (1)

e R=20cm and Z =10 cm from centre of source
- absorbed dose in all 5 ROIs (1...5 cm)
>99'5% Of DfuII scatter

D scatter C@lculated using R = 50 cm and Z = 50 cm
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Scatter build-up in graphite (2)

ROlatR=1cm
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Scatter build-up in graphite (3)

ROlatR=5cm
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Scatter build-up in graphite (4)

ROl at R =1 cm, radius of graphite cylinder =20 cm
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Scatter build-up in graphite (5)

ROl at R =5 cm, radius of graphite cylinder =20 cm
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Scatter build-up in graphite (6)

Min. R required at ROI to get 99.9% and 99.5% of Dy scatter
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Scatter build-up in graphite (7)

Min. Z/2 required at ROl to get 99.9% and 99.5% of Dy scatter
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Dose distribution parallel to

long source axis (1)
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e MC simulation using NPL grid:
NPI—. 5,000,000,000 histories in less than 1.5 hours



Variance reduction techniques used

« Electron range rejection
Here: ESAVE = 0.871 MeV

 Photon cross section enhancement

Increase photon cross section of selected region in
geometry by factor C_, = this will increase the
Interaction density by that factor
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Dose distribution parallel to

long source axis

Dose distribution parallel to the long source axis at various ROIs
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Variation of D with core height

average

Daverage (Core helght) / DfuII scatter at ROI
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Core height required to measure
= 99.5% of D

D

total full scatter

ROI (cm) Max. core
height, cm

2 0.5

3 0.75

4 1.05

NPLE]




Radial dose gradient in graphite

Dose vs distance (ROl =2 cm)
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Summary of MC simulations

Source to Max. Dose Dose rate
Build- | Min. R, | Min. Z/2, | core gradient | from 370 AT in 120 s,
core, )
up cm cm height, | over 2 GBq source, | K
cm
cm mm, % | Gy/s
1 X v v X X 9.99E-02 | 1.68E-02
2 (\/ )| 81 5.4 0.5 23 2.52E-02 | 4.24E-03
2.5 \/ 10.1 6.8 0.6 18.5 1.60E-02 2.69E-03
3 v | 121 8.1 0.75 15 1.12E-02 | 1.88E-03
4 \/ 16.2 10.9 1.05 11 6.21E-03 1.04E-03
5 v X X v v X X
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Volume averaging factor

e Centre of ROI: 25 mm from source

* Dose at a ‘point’, D
size: 0.1 mm x 0.1 mm

 Dose averaged over core, D.ore
size: 2 mm x 5 mm
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Inhomogeneity correction factor

e Centre of ROI: 25 mm from source

.
* Dose averaged over core, D,
Size: 2 mm x 5 mm —
= graphite
= air —
® = aluminium or steel
k . Dcore, graphite

inh_D

core, graphite+air+metal

NPLE]



Inhomogeneity correction due to
aluminium tube

Percentage change of dose to core due to absorption and
scatter in aluminium tube
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Inhomogeneity correction due to
stainless steel tube

Percentage change of dose to core due to absorption and scatter in
stainless steel tube
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Gap correction factor

Percentage change of dose to core

due to vacuum gap I
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Displacement correction, Z-axis

TS0034 |zee alzo TS0032

| Care height 22 0.5 crn, core thickness: 0.2 crm
| Centre-to-centre source-to-core: 2.5 cm
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Displacement correction factor, Z-axis

Dcentral — 10002

displaced, Z=0.25mm
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Displacement correction factor, R-axis

D(r) oci2
;
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Taylor
expansion
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Summary:
Design criteria for prototype

calorimeter

e Graphite cylinder (R =10cm, Z =14 cm)

« Centre-to-centre source-to-core distance: 2.5 cm

e Thickness of core: 0.2 cm

 Height: 0.5 cm

e Mass: 2.67 ¢

e Aluminium tubing with max. 1 mm radial thickness,
0.2 mm radial clearance

1 mm vacuum gap around core to deal with
measurement problems due to self-heating of source

NPLE]



	Monte Carlo simulations for a prototype calorimeter for HDR brachytherapy sources
	Overview
	Current calibration method:air kerma based approach(Ionometry)
	Alternative measurement method:absorbed dose based approach(Calorimetry)
	EGSnrc Monte Carlo simulations
	MC geometrical inputsDOSRZnrc model for calorimeter
	Build-up curves in water and graphite
	Scatter build-up along R-axis
	Scatter build-up along Z-axis
	Scatter build-up in graphite (1)
	Scatter build-up in graphite (2)
	Scatter build-up in graphite (3)
	Scatter build-up in graphite (4)
	Scatter build-up in graphite (5)
	Scatter build-up in graphite (6)
	Scatter build-up in graphite (7)
	Dose distribution parallel to long source axis (1)
	Variance reduction techniques used
	Dose distribution parallel to long source axis
	Variation of Daverage with core height
	Core height required to measure Dtotal = 99.5% of Dfull scatter
	Radial dose gradient in graphite
	Summary of MC simulations
	Volume averaging factor
	Inhomogeneity correction factor
	Inhomogeneity correction due to    aluminium tube
	Inhomogeneity correction due to    stainless steel tube
	Gap correction factor
	Displacement correction, Z-axis
	Displacement correction factor, Z-axis
	Displacement correction factor, R-axis
	Summary:Design criteria for prototype calorimeter

