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Electron Photon Photon Electron

IWorksheet Load I IWorksheet Load I IWorksheet Load I IWorksheet Load I
1 1 1 J
v
Chamber Data
Measurement
Condition
**

Physical Parameter

TG-51 Electron

DATABASE

TG-51 Photon
TAS-398 Photon H
TRS-398 Election W W

1

I Measurement Data l

Cylindrica!
Chamber PP Chamber W
" N, Co

| Keca I l Keca i & l

lMeasurement Data l I Measurement Data I

I Correction Factor ] l Correction Factor1

L o Lo | [ o |

Fig. 1. Flow diagram for calculating the absorbed dose to
water according to the AAPM TG-51 and the JAEA TRS-
398. Either one may be chosen to the user's discretion. After
all information needed to calculate an absorbed dose are
entered, the absorbed dose is calculated automatically through
the database and formalism already contained in the program.

I Correction Factor I
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Fig. 2. Initial display of dosimetry protocol program. Worksheets of each
protocol, AAPM TG-51 and IAEA TRS-398 are provided and can be
chosen to the user’s discretion. There are also functions such as opening
new worksheets, saving the results of a dosimetric calibration, and
reopening old worksheet files and resaving.
’_‘able 1. Comparison of AAPM TG-51 and IAEA TRS-398
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- 1, Site dat

Institution: [RHME ~ 7T Dater (@319 =
Physicist: {BOSRRPRE, T
Accel or Co-60 Mir:  {Varian Mode! & Serial no: {CL 2300C

Norminal photon engrgy/beam identfler: |

CoB0 Calib, Kecal N(Dwl{ 2
Cross-Callb. Kecal NOYI | 5 Chamber model:  [NEZSTi

Serlal number: {57 Cavity Inner radius: ESERMINAN <
Waterproof: ¢ yes & no
if no, is waterproofing <= 1 mm PMMA or thin latex? : " yes & no

b, Electometer model :  [Kefihiey 3817 Serial number:  [aB73 -
i, Pelec, electrom, cor factor: T C/C or C/rdg

c. Calibration Factor N(D,w Co-80):
Date of report(nat to exceed 2 years

Gy/C (or Gy/rdg)

003-01-2  x

3. Measurement Conditlons(10x 10cm2)
at 10cm

: point of

a, Distance (SSD or SAD):! 100 cm € SAD @ SSD
b, Field size: 0% .10 em2
c. Number of monitor units: 09 MU¢min for Co-60)

-4, Beam Quality (Sec. VIll. B-not needed for Co-50.
If energy < 10 MV, use no lead foil,
Measure %dd(10) [%DD at 10 em depth for curve shifted upstream by 0.6 reav]
Field size 10x10cm2 on surface, S5D=100cm € yes ¢ no
a. %dd(10)x = %dd(10)
{fanergy >= (0 MV
Distance of (mm (ead folf from phantom surface ¢ 50+5¢m ¢ ticm
Measure %dd(10)Pb [%DD at 10 cm depth for curve shifted upstream by 0.6 rcav)
Field size 10x10cm2 on surface, SSD=100cm: € yes € no
%dd(10)Pb (Includes e- contaminatien):{ " F &
50 crm: %dd{10)x = [0,8905 + 0,00150%dd(10)Pb]%dd(10)Pb [%dd(10)Pb>73%] Eq.(13)
A em: %dd(100x = [0.8116 + 0.00264%ad(1D)Pb]%dd(10)Pb [%dd(10)Pb>71%] Eq.(14)

i %dd(10)Pb < 71% (30cm) or 73%(80cm): %dd(10)x = %dd(10)Pb
. %dd(10)x (for open beam):
Has bead foli bagn removed?

€ yes & no

Interim alternative for energy > 10MY _with >=45cm clearance: using no lead foil
Measure %dd(10) £%DD at 10 cm depth for curve shifted upstream by 8.6 rcav]
%dd(10)

€, Xdd(i0x =

5, D

of KQ

Chamber model usad to get KQ: NEZTY B ]
a. %dd(10x (from 4, above): ] b, KQ (Table 11: GHENTGHRNE
6, Te /P Correction

l a. Temperature: el e b Pressure: I8 kP D PP = BRI
7, Polarity C D))

Melraw): T nC (rdg) M-{raw) : [ ¥ S nC {rdg)

2, Mraw) (for polarlty of callbration): ~ [¥ ™ nC (rdg) > Ppol =
-8, Plan

Operating voltage VH: § v Lower voltage V1.2

M(H.raw): { nC (rdg) M(L. raw);
¢ Co-60 traated as general recombination > Plon(VH) =
& Pulsed/swept beams

-9, Correction fon, ch, rdg, M(Ssc, VII) at 10 cm depth, water equivalent
Fully corrected M:  SERGEIDIRGRINER C o rdg

- 10. Dose to water at 10cm depth:

a, Dose to water at 10cm depth = [
b, Dose / MU(or min. Co-60) at 10cm depth: RN Gy/MUcor min)

@ Clinlcal %dd(10) for SSD setup / 100,

¢ Clinical TMR(1D, 10x10) for SAD setup: [BE """ Gy/MUGor miny
I> Dose / Mt(or min.m Co-60) at dmax: R

I— 11, Dose to water/MU(or min, Co-60) at dmax(if relevant locally)

Fig. 3. AAPM TG-51 Worksheet for dosimetry protocol of a photon beam. All
information needed to calculate an absorbed dose are entered. The absorbed dose
at a reference depth is then calculated automatically through the database and for-
malism already contained in the program. The dose is finally converted into the
absorbed dose at the depth of dose maximum.
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® [TG-51) Electron Beam Plane-parallzt - Dog

Hlo_ Yow_ ety

fron Beam
1, Site data
Institution:
Al Workshes' prol Physicist: Date:
;}AF;ang-m Accel Mir: Model & Serial no: [CLRHEC@EE
Electron Norminal electron energy/beam identifier: | # Mev
i Cylindrical
CoB0 Calib, Kecal NOw|| 2!
g;’:::;ﬂgg“‘:d N a, Chamber model: {P78/Raos o -1
Serial number: {34081
Waterproof: ® yes (" no
if no, is waterproofing <=1 mm PMMA of 20 yes o
__’_ﬁ b, Electrometer model :  [Keithiey Serial number: 4873

E o a E i, Pelec. electrom, carr factor: T 1.003 €/CorC/rdg (take as 1,0if using corss-calibration.)
N i
i K sovowoichent 3 -3 M Conditions(paint of
% B openwonsncatiio a, Distance SSD: cm

B sovowateotes X b. Fleid size on surface; cm2

H ¢, Number of monitor units: MU

] H
! l ¢ 4. Beam Quality -
! AR -

b, Reference depth (0,6 RS0 - 0.1): cm (water eguivalent)

5. Determination of k_ecalN(Dw. CoB0} and k'_r50.

H : 4, k-ecalN{Dw, Co80):

<07 Gy/C (or Gy/rdg)

! b, k'_r50: i (=1.2239 + 0.145(R50)°0,214)
i
‘ BT /Pressur Cuuecunn ]
E a. Temperature: X ‘c b, Pressure: | c. P_TP - i |
-1, Polarity Correction
Ms{raw): T® T Cdg M-(raw): K] C {rdg)
a, Mtraw) (for polarity of calibration): LB C (rdg) b, P_pol = RN
-8, Pion
Operating voltage VH: |5 Ty Lower voltage VLi|
| MiH.raw): [° 1B cde ML, raw): [7s C (rdg)

B> Pion(VH) (pulsed/swept beam) =
)i Pion > 1,05, another ion chamber shou)

rB Correction fon, ¢ch, rdg. M at d_ref
1 (M =P_ion P_TP P_elec P_pnl M_raw)

¢ Cordg

10, Dose to water at depth
D(W,Q) =M = k'R0 « k_ecalN(Dw. Cob0)
: a, Dose to water at d_ref =
1] | b Dose/Muatdref=

11, Dose to water/MU at d_max(if relevant lacatly ;
4, %dd(d_ref) as used clinically:
b, Dose / MU at d-max:

Fig. 4. AAPM TG-51 Worksheet for dosimetry protocol of electron beam. For electron beams
of AAPM TG-51 three different worksheets are provided. Two are worksheets for cylindrical
and plane-parallel ionization chambers. The other is related to a plane—parallel ionization
chamber. There are two methods for determining 4..N 5% for a plane-parallel chamber.
Method A which is the preferred method uses a cross—calibration against a cylindrical cham-
ber. Method B uses a Co-60 absorbed-dose calibration factor. Method A and B are provided
respectively in this program, while provided in one worksheet in AAPM TG-51.
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Accelerator:

Nominal dose rate:
Reference phantom:
Reference field size:
Reference Depth(zref):

080 Calib, Kecal N(Dw;
rass-Calib, Kecal N(D
lane-parallel

A& < vk Fig. 45 AAPM TG-51 A#ZFxA Ao
0E MY AFEY AAHL HAFEY, Toux HRA

2

| dg AAPM TG-51 EFFAYL 48F o3 3y
JAy o2l did 4z w2 d¥uy AdME ATt
I gtk Fig. 45 HYHARY ol & AMEE A A%2A
H3& HoFm vt EF AAPM TG-512 Hy¥FHY o
28 AREA ke 503 BAEH QA FIHA e T
HE AT ok U A ZALL A5F o2 o

Hiah faesgy b

Nominal Acc Potential: B MV
"7 MU min-+ Beam quality, Q(TPR(20.10)); e

Set up:

£ B |AEA TAS-338

& Pholoh 2. lonization chamber and el

- & Electron

Chamber wall  material:

Phantom window materlal:
Absorbed-dose-to-water calibration factor
Calibration quality Qo:
If Qo is photon beam glve TPR(20, 10): |~
Retarence condhions for calibration
Polarlzing potential V1:

@ v

Calibration laboratary:
Electrorneter model:

If yes Calibration taboratory: §

Waterproof sleeve material: NIRRT

= Co-50 ¢* photon beam

Pa:f

cm
0.608 X
T3 ke Tor[ BE ¢ RHATTE T %
Calibration polasity: & +ve € -ve F# torrected for polarity effsct
User polarity: e C -ve
Date: I
Serlal no: {46783
Range Setting! 2

Calibrated separately from chamber: ¢ yes & no

Serfal no R

thickness: TR ; -
thickness: T : -
thickness: gcom=?

N_D.WQ = 0.05350 € Gy nC-' & Gy rdg

Calibration depth: |~

Date: 2003-04-22 =]

-3, Dosimeter reading and

it

Corresponding accelerator monitor units:
() Pressure Pt [1G50 kPa

(il) Elsctrometer calibration factor k_elac:
(iii) Polarity correction rdg at +V_1:

(Iv) A (t

Polarizing voltages

RAeadings at each V

Use Table 4, VIt for a beam of typs?
al=

Corrected doslmeter reading at the voltage Vi

for influence q

Uncorrected dosimeter reading at V_t and user polarity:

Ratic of dasimeter reading and monitor units:

Temperature T:[ 230 ¢

M+ =[ ZEF T dgat-V.l:M- =["TEET
K(pol) = ( IM_+1+IM_-1 ) / 2M = RNGG—_

ftage method))
Wy Cormal) =[EET

M = TZET Mz =[TEE

& pulsed

Ks= a0 + al(M1/M2) + a2M1/M2°2 = NI
M =M, ktp kslec k-pol k-s = JMIINE < nCMU- € rdg MU~

& nC € dg
88 My
Mi = [ TTBT & nCMU-1 ¢ rdg MU~
Rel, humidity(if known): [~ 50 %
K(tp) = (273+T)Po/(2T3+To)P =
kealec =[G

@ oC rdg~ ¢ dimenslonless

FTV V2 (reduced) =| TR Y

Voltage ratio V1 / V2 = SRR
Ratio of reading M: / M. = NN
€ pulsed-scanned
a2= 2558

al =[THEE

-4, Absorbed dose rate to water at the reference depth, z_ref-

Beam quality corection factor far user quality Q: k(Q.Qo!

BT & taken from Table ¢ specify:

D_w(z.ref) = MN_D.W = B oy e

Depth of dose maximum:
(i) SSD set-up

(Il) SAD set-up

~5. Absorbed dose rate to water at the depth of dose 2.0
z.max= | 14K _ cm-=

Percentage depth-dose at a.ref for a 10cmx (0cm fleld slze:
Absorbed-dose rats callbration st z.max:

TMR at 2.ref for a 10cmx 10cm fieid size:
Absorbed-dose rate callbration at z_max:

PDD(z.ref) gem-r=f . BLIDE %
D.wiz_max) = 100 D-w{z-ref)/PDD(2_rof) = NN Gy MU-1

TMR(z_ref<5g cm-9=] """ g omei=
D.w{z_max) = D_w{z_ref)/TMR(z_ref) = SN Gy MU-

Fig. 5. IAEA TRS-398 Worksheet for dosimetry protocol of photon beam. All informa-
fion determining an absorbed dose are entered. The absorbed dose at a reference depth
is then calculated automatically through the database and formalism already contained in
the program. The dose is finally converted into the absorbed dose at the depth of dose

maximum.
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o] mAnA e st AAsH, Wy B 71EHE ¥Co Fig. 5% IAEA TRS-398¢ &4 2ol m&
<IMe] FFAZE ZAALE ARgste] AAFUY AAPM AHY AFEY AYL Ho FO oo HF EF} B FF
75512 W AE T HEkal Atk ol W A9 B A #F BAJS, FAERAY, AHEE oled AR, HE § FF

SR/

v 47 ARE F JES s F AN Yo 7R HR 5o 4T o2

Mo X x of

User [8.08hin®

-1 Radiation treatment unit and reference conditions for Dw,q

| Accslerator {vanian €L 2160C Nominal enargy MeV
 Cylindrcal Nominal dose rate H 2400) U mina1 Measured RS0 3520 g ema2
“, CoB0 Calib. Kecal N(Dw! Reference phantom, & water € plastic obtainedfrom € lonzation @ dose curves
Iy Cross-Callb, Kecal N(Dy, Reference field sze: | emxcm Reference $S0 106 cm

(3 Plane-parallel

i E1 I1AEA TRS-398 Beam quality, QR50) F 2

HJgemrz Ref depth z(refw)

3 Phaton
% Electron

| 2 fonization champer -~

ion chambermodel  {Roos Senal No.: a7 em o
E Chamber walliwindow material thickness S o
13 Waterproof sleeve material thickness: 700065 gemaz

g Phantom window material thickness: o0t gemn2
i £ soowonshoetia B Abs dose-to-water caiibration factor 8.692-902 & GynC ¢ Oyrdg
: i Calibration quality Q8 @ Co60 ¢ glectron beam Calibration depth | §6 " gema2

11 QO is elsctran beam, given R(S0W) [ T geomn2

Reference conditions for calibration
Poi w13 TkPa T Ey T e Rehumieyl 8 %
| Po) potential V1 | sue V. Callb polarity & +ve ¢ -ve [~ comected for palanty eflect

Userpolarity & +ve " -ve
H Calibration laboratory  {RTB R P
: i, Electometermoget  {Kediiny 35617 T Seriat o
| Calib separately from chamber ¢ yes & no Range setting
| ffyss Calibration lakoratory: Date
-3 Phantom-——

Water phantom windowmaterial | thitkness [ oEed T gern2
' Plastic phantorn phantom meterial denstty gorm3
ﬁ dapth scaling factor ¢_pl ref depth z(ref ply gemr2
: fluence scaling factor hopl=

4 Dosimetry reading and correction for influence quantities -

! Uncorrected dasimeter reading at V1 and user polarity [ VE TS &nC O rdg
! Corrasponding accslerator monitor units [ a6 My
: Ratio of dosimeter reading and monitor units w1 - B, < nowu ¢ oMU
o Pi 1010 kPa {7 @e T e Relnumae|

K_TP= (2732 « Ty PO/ (2732 + Y0) P | - B

T @ nCidg ¢ dimensioniess

(i) Electrometer calibration factor  k_elec =

i . . falathts s
| (i) Polarity correction  rdg al #V1 Moz 1234 rdg at-v1 Mz 1234
Kk_pal=[| M~|¢]MI112M=m

(iiii) Recombination correction (two-voltage method)

Polarizing voltages Vi¢normal) =

300 v V2 (reduced) = 18¢

i
Readings ateach ¥ m=f M2

|
|
| Voltage rannv1m=m Read ratio MIIMZ=~
|

Beambpe @ pulsed ¢ pulsed-scanned
| , K_s = a0 + a1¢a1m) + a2 M2)2 = (EEEIRRREE

Corrected dasimeter reading at the vollage V1

M_O= 11 *h_pl *I_TP * K_slec *k_pol * k_s - EEBAREIEI ¢ novl) € gy

-5 Absorbed dose to water atthe reference depth Z(ref)
Beam qualily carrection factor for user quality Q:

1100 is CoBO
1 Q0 (5 electron beam ®_Q, Qint=

Use k_Q,Q0 derived from %_Q,00= [k_Q,Qint/ k_Q0, Oing =

k_0,G0=

Calibration aboratory Date

D_W,Q(_ren = MQ * N_DW.Q0 * k_0,o0 = EEEHEEREREEE oymu

6. Absorbed dose rate to water at the depth of dose maximum, Z(max)

y
Depth of dose maximum. Z_max=; gomh2

Percentage depth-dose at Z(ref fora mxtm field size
POD(_fef=

gomip= |

Absorbed-dose callbration of monitor at Z(max):
D_W,Q(z_max = 100 * D_W,Q(z_re | POD(_ren) = B RRMIRER oy

Fig. 6. IAEA TRS-398 Worksheet for dosimetry protocol of electron beam. IAEA
TRS-398 provides only one worksheet for the calibration of electron beams while
AAPM TG-51 has three worksheets for electron beams.
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Development of a Dose Calibration Program Based on
an Absorbed Dose-to-Water Standard
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Absorbed dose dosimetry protocols of high energy photon and electron beams, which are widely used and
based on an air kerma (or exposure) calibration factors, have somewhat complex formalism and limitations
for improving dosimetric accuracy due to the uncertainty of the physical parameters used. Recently, the
JAEA and the AAPM published the absorbed dose to water-based dosimetry protocols(IAEA TRS-398
and AAPM TG-51). The dose calibration programs for these two protocols were developed. This program
for high energy photon and electron beams was also developed for users to use in a window environment
using the Visual C++ language. The formalism and physical parameters of these two protocols were
strictly applied to the program. The tables and graphs of the physical data, and the information of ion
chambers were numericalized for their incorporation into a database. This program can be useful in
developing new dosimetry protocols in Korea.

Key Words : Absorbed dose to water calibration factor, Dosimetry, Protocol
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