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piTE P 42 21 37 2
0 0 0 2 1
1 8 10 8 1
FHRyrLE L d 2 5 3 6 0
/S FREE 3~5 8 3 7 1
6~8 2 1 1 0
>8 3 0 0 0
0 9 9 9 2
D e
e ) R
- 3~5 6 2 2 0
6~8 0 0 1 0
>8 1 0 0 0
2 SR R Maie it E kA Beamdata KR Z B E 1 iFA 4 FLA
6X 10X 15X 6XFFF 10XFFF 4X
Avg STD Avg STD Avg STD Avg STD Avg STD Avg STD
AXESSE 0.684 | 0.004 | 0.735 | 0.002
CLINAC 2100C/D | 0.667 | 0.008 | 0.740 0.756 - - -
CLINAC21EX | 0.670 | 0.002 | 0.736 | 0.004 | 0.758 - -
CLINAC 6EX | 0.666 | 0.003
CLINAC IX 0.666 | 0.003 | 0.736 | 0.003
Infinity 0.677 0.672 -
MEVATRON M2 | 0.669
NOVALIS 0.661 -
PRECISE-SLI | 0.678 | 0.008 | 0.734 | 0.005 | 0.760 - 0.629 | 0.014
PRIMUS 0.681 - 0.637 -
SYNERGY 0.682 | 0.004 | 0.733 | 0.004 0.624 -
TRILOGY 0.667 | 0.001 | 0.736 | 0.002 - - -
TrueBeam 0.665 | 0.006 | 0.738 | 0.004 0.630 | 0.006 | 0.706 | 0.004
UNIQUE 0.664 | 0.000 - - - . , - ; ;
# 2 ~ Linac & #3]& L ic £ (L) 3t~ 47 %
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SHEGTRCETY 555
6X 10X 15X 6XFFF 10XFFF
Avg STD Avg STD Avg STD Avg STD Avg STD
AXESSE | 67.25% - 73.08% - - - — - — —
CLINACIX | 66.25% | 0.56% | 73.28% | 0.49% - - - — — —
ONCOR 67.00% - 73.70% -—- - - — - - —
PRECISE-SLIf 67.44% | 0.05% | 72.80% --- 68.00% - - — — —
SYNERGY | 67.64% | 0.31% | 73.04% [ 0.17% - - - - — —
TrueBeam STH 66.20% | 0.28% | 73.25% | 0.21% --- - 63.25% [ 0.21% | 70.15% | 0.64%
%7 ~Linac & #4)5 d it £ (%dd(10),) ezt 494
6X 10X 4X 15X
beam flatness In-plane |Cross-plane|] In-plane |Cross-plane] In-plane [Cross-plane] In-plane |Cross-plane
<2.0% 40.0% (14) | 30.3% (10)] 39.4% (13) | 35.5% (11) --- --- 100.0% (1) [ 100.0% (1)
>2.0% & <2.5%| 25.7% (9) | 36.4% (12)] 36.4% (12)] 35.5% (11) - - — —
>2.5% & <3.0%| 22.9% (8) | 15.2% (5) | 12.1% (4) | 19.4% (6) | 33.3% (1) | 66.7% (2) - -

A SYSTEM | >3.0% & <3.5%]| 57% () | 12.1% @) | 6.1%(2) | 0.0% (0)
23.5% 57%2) | 6.1%2) | 6.1%2) | 9.7%(3) | 66.7% (2) | 33.3% (1) - -
<2.5% 65.7% 66.7% 75.8% 71.0% - - - —
<3.0% 88.6% 81.8% 87.9% 90.3% - - — —
<2.0% 38.7% (12)| 41.9% (13)] 77.8% (21) | 70.4% (19) - - - —

>2.0% & <2.5%35.5% (11)] 41.9% (13)] 14.8% (4) | 22.2% (6) - - — —
>2.5% & <3.0%) 16.1%(5) | 9.7%3) | 3.7% (1) | 74%(2) - - — —

B SYSTEM|>3.0% & <3.5%]| 3.2% (1) | 3.2% (1) | 3.7% (1) | 0.0% (0) - - - —
>3.5% 6.5%(2) | 32% (1) | 0.0% (0) [ 0.0% (0) - - - —
<2.5% 74.2% 83.9% 92.6% 92.6% - - - —
<3.0% 90.3% 93.5% 96.3% 100.0% - - - —

# - ~Linac %+ &+ { 7 20cm’ > /& A& 10 cm Ao &£ 4 7§ & 426 T

gt

2 4
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Dose Calibration worksheet
Elekta Synergy Dose/M.U Check |2009/4/17
[RW3 phantom + Welhofer FC23C chamber+ Wellhofer DESE1 ]
Energy 6X 10X 6E 9E 12E 15E 18E
CFater 13.77 13.77 12.72 12.66 12.52 12.29 12.20
Prws 0.998 1.002 1.025 1.023 1.022 1.015 1.008
dm(cm),water 1.5 2.3 1.20 2.10 2.60 2.60 2.60
dc(cm),water 5.0 5.0 1.20 2.10 2.60 2.60 2.60
dp(cm), RW3 5.0 5.0 1.20 2.10 2.60 2.60 2.60
dm(cm) : depth of dose maximum in "cm" in water.
dc(cm) : calibration depth in"cm" in water
dp(cm) : calibration depth in "cm" in phantom with scaling factor as
[ SF = depth(med.) / depth(water) ]
photon beam : 10X and 6X = 0.88(acrylic), 1.0(polystyrene)
electron beam : 6MeV ~20MeV = 0.9(acrylic), 1.0256(polystyrene)
assume SF=1 here
— med E— water
Dwata’r:M.Ngus.(L j .})i())l.Prep.Pw(l .ESC.(IU”/] .C
4 wir 1 11 ,D o TP
=M eCFeC,,
— med E— water
CF:Ngas.(%) ) .Pion.Prepl.Pwall.ESC.(’”%}
atr med
M., . (SAD =100,10x10,d =5
Prys = ﬂ( > am) (for photon)
M 4, (SAD =100,10x10,d = 5cm)
3 M vater (SSD =100,14cone,dm)
M rw3(SSD =100,14cone, dm)
- - Mwater o s
Dwater =Mrws @ CFwaler b PRW3 =Mrws e CFwater = = CFwater o M vaier = Dwater
RW3
Condition Note
Output calibration:
© Photon SSD=100cm , FS 10x10, d=d,,,, output= 1cGy/MU
© Electron SSD=100cm , cone 14x14, d= 4., output = 1cGy/MU
Monthly QA condition:
© Photon(6X) SAD=100cm , FS 10x10, d= 5cm,output = 0.959 cGy/MU
Photon(10X) SAD=100cm , FS 10x10, d= Scm,output = 1.002 cGy/MU
©) Electron SSD=100cm , cone 14x14, d= dmax, output= 1cGy/MU

xRt /B RERSRTE - RFERERERRE R
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BTG By
%21 3 K3 Bl
P b Co-60 Cs-134 Cs-137 Sr-85 Sr-90
O the repeatability 0.32% 0.90% 0.46% 0.57% 0.57%
O the between-bottle 2.84% | 2.20% 2.37% 2.50% | 2.50%
323 BRI 2.84% | 2.20% 2.37% 2.50% | 2.50%
4202 kHoa BpEEEE
P Co-60 | Cs-134 | Cs-137| Sr-85 | Sr-90 | Gp H-3
O the repeatability 129% | 1.12% 0.76% | 0.40% | 040% | 0.75% | 0.39%
O thebetween-botde | 2.88% | 3.76% 457% | 2.04% | 2.04% | 2.82% | 1.62%
23 BRI 2.88% | 3.76% 457% | 2.04% | 2.04% | 2.82% | 1.62%
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ST EEETE

3PS FEBREHMEERA ]

1.

B PR 13] 6 B H X BRREEIEMEL R
THB 6

BB ATAH S PR (SLR I RIERE) ~ 4 E RN KR o TR A A ek
—131 B AT R LR RIS R - BNKH R LR ERIENRY 0 F RS S44
FTARAMKABEHF LGB ERZRALRAATR Y 2418 245 T 4 ar-131
Bz 8 A BHREARESE  HN—KRE - FA - ARRBRAE - T4
B ER AR BHRERE EHRREERZBHRTOMAT U
#F o REIEMIEI A HIR T A 13] a8 REASBRERTZEN
A8 B FRAA > RS K EmEBHEEISF) -

2.

i A §6E
ARk i A ARIE B R 0 AR TR A M e-13] HATF ARG BT X
7 B kB 6 e B S AL Y 5 R AR Bl G R R2 1R 2 BE R IR RAF -
EBEMRBRTRE
AERMWEY HHETRBOPHAEZ—BRERR RARTESE KoHE
WAL 2 MRS S PR B RAREARSEF
ERmpHUYARBEL ANEEABMEME T AHZEL T BHEE
RAETHBEES TBH -
AmmE o FAHUTDEGE—1GM4F0 > 22-131 65k EHTHRER
(1) BIFR-13 HTFFEIBAAYGEHEZBRBERIZE
NI T ERERBNEGFEARARE [110MBq(30mCi) & » =T # [z iR
F oo
(2) REEAHER 2 BRBEEEE
BEREEEMA | AREAMEAND 2435 B F £ ARQE 5 T0 B H
(70 pSv/h)eF » s-131 755 B F TERRE -
(3) RFHEABMEL EAMBEZHBREBEREE
BAEHNEHKE  FRAXFRMASAR T HESEELREL ]
ARBRZBATHAMB EHMA - EERHN—RER - FARTES
HERAB | £HEH HERBEERRRL E@pHeEF > s-131 4k E
HTBEMRRER - Wi BB ST ELBRRETRE2HFULE -
B bk
e dra-131 Gk B A MR T MLk AT FIE 0 AR EARSE 2
FLLLE -
(1) BhdxFEE ~ BRRRGH - BRBREFZ EFRRETE -
(2) HH-HA Mz LEZEBR > LT HHBEIEFANS -
(3) RATA)EFBITERY » REFZ AMB I H ik -
seoh o ZEAMBEFXHEFEAFESUATHHE > FHMELFTR
Ei

B 3.1 #-131 /rll%,&:ﬁ A
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SHEERGETE 5By
% 3.1 P AT IGII/A20 F % 7% Beh 2 Pfiie £ iy 2R %
Centronic.Inc IG11/A20

Simulation Measurement %Error

Response Response

STDEV STDEV SIM

(PA/MBQ) (PA/MBQ)
Cd-109 4.010E-01 7.138E-04 3.991E-01 4.974E-04 | 100.48%
Co-57 1.032E+01 3.045E-03 9.957E+00 1.184E-02 | 103.68%
Ce-139 8.541E+00 1.773E-02 8.612E+00 1.102E-02 | 99.19%
Cr-51 1.450E+00 3.584E-03 1.426E+00 1.629E-03 | 101.65%
Cs-137 2.289E+01 1.203E-02 2.291E+01 2.954E-02 | 99.91%
Cs-134 6.242E+01 5.985E-02 6.217E+01 7.725E-02 | 100.41%
Co-60 8.948E+01 4.862E-02 8.943E+01 3.035E-02 | 100.06%

% 3.2 ##7 IG11/N20 %5 FER P £ BRI/ R R

Centronic.Inc 1G11/N20

Simulation Measurement %Error

Response Response

STDEV STDEV SIM

(PA/MBq) (PA/MBQ)
Cd-109 3.626E-02 5.363E-05 3.631E-02 3.790E-04 | 99.87%
Co-57 1.880E+00 3.532E-03 1.873E+00 7.453E-04 | 100.36%
Ce-139 2.470E+00 4.358E-03 2.449E+00 2.464E-02 | 100.88%
Cr-51 6.845E-01 3.141E-04 6.846E-01 5.293E-04 | 99.98%
Cs-137 1.212E+01 2.307E-02 1.223E+01 5.102E-03 | 99.11%
Cs-134 3.308E+01 3.421E-02 3.318E+01 6.671E-03 | 99.72%
Co-60 4.769E+01 3.642E-02 4.764E+01 1.315E-02 | 100.09%
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Test schedule for Dose Calibrator

Item Acceptance  [Reference Rountine testing
Daily  |Yearly
1. Physical Inspection * * *
2. Precision " " "
3. Accuracy * * *
4. Linearity * * *
5. Background * * *
6. Geometry * * *
7. Reproducibility * * *
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1.00 - @ o6 MV
= 10MV
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R B (cm)

Bl 4.2 by A B S B 2§00 i 1 F) 3

0.85 - - 6 MV
=10 MV
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FTE ARG B Eoy
3 4.1 I TS sz BRATE G T F]S
W EMV) B¥(cm®) EEECHE D TS

6 3x3 1.023

5x5 1.025

7x7 1.021

10x10 1.021

20x20 1.052

10 3x3 1.019

5x5 1.021

7x7 1.022

10x10 1.021

20x20 1.041

% 42 3 R4k BEA R 2 FHRREE
it g F R PragEiRl 4 £ (cGy)

MV) (cm) HFEBA O AEEB @ EC FED FEEE
6 1.5 210.5 209.6 213.8 211.9 210.7
5.0 197.8 198.7 196.3 197.3 195.4
8.0 181.2 178.3 182.6 181.9 180.6
10 2.5 212.5 209.8 212.9 213.1 212.5
5.0 201.6 199.5 200.7 201.2 199.8
8.0 185.9 187.3 186.8 187.4 186..7

120



ST BT

£ 43 4% T30 § = BEASCERS 1 F)

BEAREG T2

FHE

TLD(cGy)

TLD(cGy)

= EL A=
At B i~ fﬁ
2 I 7 A 2 A - NI 2 I 7 A 2 4 - f;‘"}l]'gii(%)
(T oM S 1 F13) (F % BHAT L 7T
(MV)  (cm)
6 1.5 212.9 212.7 0.1
5.0 196.4 196.7 -0.1
8.0 180.3 179.9 0.2
10 2.5 211.5 212.1 -0.3
5.0 201.2 200.1 0.5
8.0 186.3 185.4 0.5
Energy Calibration
1600
1400 + , >
y=—2.231E-DB>_5-"_+2.611E-011+ 1.351E-01 '_,-U’
T R? = 1.000E+00 ’/
g 1000 P
g 800 —+ "../’,.-"
- +
e 600 .. -
a00 E ol
st,‘
200
Ed
0 ¥ + d d d d
0 1000 2000 3000 4000 5000 G020
BuM &
(a)
Efficiency Curve (49 cm) Efficiency Curve (77 cm)
65 70
g0 £ 0"'_'\. e y=-0.347% Fe 32.:??24::- 13.074
N 75 ¥ -O.GCGM;*G_.41§3:(-18.94}".\. - 20 ‘"\\\
g I LY E 85 B
2 -‘-\_ £ 0 Kl.\
w -85 u £ .
= o '.. 25 ‘l\.'
. y=-0.0406x" + 054457 - 6.8599x + 11.507 l‘ ¥ 0178637~ 3.5012¢+ 21.565- 51088
o R*=0.9991 -10.0 Re= 09992 l\_\
-10.5 - - - - - - =
-10.0 + t + t 40 45 50 55 60 65 70 75
3 4 5 6 7 & In{Energy)
In (Eneray)

(b)
Bl4.4 (@)~ 177 =5 R

3%

BRI ¥ 4 E

R
W 4@ 5 (b) SD=49 2 4 ; (c) SD=77 &> »
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Bl 4.5 ¢ a5 B P A H il 4 B% L P BRSHE S AR

% 44 7 MRS TR S BRI LS IR AR S RS

R
] 2015/7/1 12:00 pF 2 3400 &
, (kBq-g")
R FETR e
L e
NRSL A7y PHELIE
- - 2604 + 0.5°
Am-241 e 20131123-1 604 * 0.5% CNLSC -
NRSL A7y PHELIE
- 28.01 + 0.8°
Eu-152 e 20141128 8.01 * 0.8% CNLSC 3
B
NRSL Ay PHELIE
_ _ + Y
Am-241 e 20131123-1 2604 * 0.5% ONLSC 3
NRSL 4y PHEIE
- - + 0
Co-60 P 200210-2 12.13 *+ 0.4% ONLSC 3
Eckert REGEE ~4my
Cs-134 & 85171-748 224.1 * 0.9% | ¥&#%2~C/NLSC
Ziegler IE-
NRSL 47y BHELIE
_ - _ + 0,
Cs-137 e 090819-100k-2 | 67.05 = 0.8% CNLSC -
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ST EEETE FHE

e
f

3045 %4 A BB Y sk 2 H R AT

¥ i A R | ot RETS I 1(S) SIS PQL
" ®) wasrag) | Bl+S R
T T o |z | LR

B #cp
A 0.00 0.05 0.06 0.1 0
B 0.02 0.02 0.04 0.06 0
C -0.03 0.03 0.06 0.09 0
D 0.00 0.03 0.08 0.1 0
E -0.03 0.04 0.08 0.12 0
F 0.05 0.07 0.08 0.15 0
G 0.01 0.09 0.1 0.20 0
H 0.03 0.03 0.06 0.09 0
I 0.06 0.10 0.09 0.19 I

L2 H =T s 4 B#(B)®0.10 v™ > £RHRELHTHEE 011 27T > BT
E - »J.pg s i;’]g",—&ﬁ»
2. |B|+s Lma m‘?@a‘ﬁ o P HHTHER 02007
3PQL %> ¥ F._ lﬁﬁlj‘_p’?‘]j& FEAgd L iE TEPE'—Z‘EF‘T"JJ"‘/‘;’}; 2 B
FPeE R LA RRE
4.5 B b A nl il o SR 4 SRS R R

AMNSIHPS M13.11-2001

Table 1
Test Categories, Test Irradiation Ranges. and Tolerance Levgls
Test Category Test Irradiation Tolerance Level (L) Performance
Range Quotient Limit
: Applied
Deap Shallow
. Accidents, photons 0.1t 5 Gy 0.3 No test No
A, General (B and C, random) (10 fo 500 rad)
B. '!.!FCS
G M150
ll. Photons 0.3 to 100 mSv 04 04 Yes
A. General (=20 keVV,* «if « <70 (0.03 to 10 rem)
ke, * = 60° if =70 keV)
B. High E (= =500 ke, == 60°)
C. Medium E (*» =70 ke'/ » » §0°)
D. Narrow Spectrum (N520,
NS80,*' Am, " Cs *Co, = sif =+
* 70 ke, * = 607 if =70 keV)
Ill. Betas 1.5 to 100 mSv Mo test 04 Yes
A, General (B and C, random) (0.15 to 10 rem)
B. High E (* =500 keV/)
C. Low E (= =500 keV/)
IV. Photon Mixtures 0.6 to 100 mSv 04 04 Yes
A, General (ll& + 1B) (D.06 to 10 rem)
B. lIE + lIC
C. 1B + D
V. Beta/Photon Mixtures 2.0 to 100 mSv 04 04 Yes
A, General (Il + 1II) (020 to 10 rem)
B. B + Il
V1. Heutron/Photon Mixtures 1.5 to 50 mSv 04 Mo test Mo
A, General (B and C, random) (0.15 to 5 rem)
B. ™'Cf+1l
C. *Cf{D:0) + 1l
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Table 1. Irradiation categories, test irradiation ranges and tolerance levels.

B. Gamma + beta

(03510 10 rem)

Tolerance
Test irradiation level (L)
Test category e (for B+
= J_?]
I. High-dose, photons
A. General (B and C, random) 0.1ta5 Gy
e (= y 0.24
B. "Cs (E = 662 keV) {10 to 500 rad)
C.M150 (E =73.0 keV)
Il. Photons _
A. General ( E = 20 keV)
= : 1.0 to 100 mS
B. High E (E = 500 keV) (0.1 0 10 rem) 0.35
C. Medium E (E =70 keV)
D. Narrow spectrum
lil. Betas
A. General (B and C, random)
B. High E point source (E 2 500 keV) 5250 10 e 0.35
C. Low E point source {E <500 keV) '
D. Slab uranium ( E = 500 keV)
V. Beta/photon mixtures
A. General photon + beta T 0.35

4.6 (D)4 A E it

DRI T R A

e | whw | s . Bk
R R ¥2u | 2as | 28e| B | S ‘fa,é“”s AE | M¥
i i & R b 4 -3
T | Em&mE &7 | 009 | 030 | 063 | 009 | 022 | 024 | 022 | 3 | a=
2 EIm T 003 | 029 | 025 | 003 | 047 | 047 | 035 | 0 | ==
3 2% & e 001 | 023 | 037 | 001 | 021 | 021 | 035 | 0 | ==
2 |ENH R&ETRA®H| 001 | 034 | 020 | 001 | 047 | 047 | 035 | 0 | w=a

% 4.6 (©)4p AT N AR BFEEPRES-FHRIAEG

EAW| AT |EAE g BRA] g

e R HE A B aEs | sE&r] 1Bl S |Bese2 EE
& i id BRE p A & F
T | Zlm ame . =7 | 005 | 048 | 023 005 | 020 | 021 | 024 | 2 | ma
2 25 £ T 004 | 053 | 031 ] 004 | 023 | 023 | 035 | 2 | w=
3 215 B 012 | 009 | 025 012 | 012 | 017 | 035 | 0 | @=
4 |EIVm R/ rmom 001 ] 104 ] 028 001 | 032 ] 032 | 035 | 1 | ==
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Bl 4.9 (a)'t4e B+ B 2r 2 TR A B 3 Cs-137 MBS 45 b onf] 45 4] i
R ,:“\ LE T 5‘]’ T ,:“. K (b)p@, _gr]. /?‘ PRt ’B‘};’FF“ X a‘g‘jﬁ:lj P (C)
Fl4 SR BB 2 Cs-137 40 5 PR ST B2 5 548 £ 2

3 4.7 Cs-137 BB B £ BB &% Sow B & B (0°~-90°~ 90° ~ 180°) ~ & 1 §E
4(30 cm ~ 60 om)2 | & 5 £ ipl % &

pedp | & B 2014 £ 9 7 Fpli %
(om) | ©) (Gy/h)
0 3.125x102
30 =2 3.159><10'z
-90 3.089x10"
180 3.101x107
T 3.118x10°
0 8.170x107
3
g = 8.132><10_3
-90 8.003x10
180 8.147x10°
s 8.113x10°
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Z 48 BEBEF BRI TFESFEFPTEREFZ L R(RHHE Y
mSv)
vy P vy )
N S I B HE in
(em) | (°) (Gy/h) (mSv) (mSv) (%)
0 3.125%x107 1.000 1.125 12.53%
30 -90 3.089x107 0.988 1.065 7.73%
90 3.159x107 1.011 1.174 16.12%
180 3.101x107 0.992 1.137 14.64%
0 8.170x107 1.000 1.065 6.48%
60 -90 8.003x107 0.980 1.137 16.10%
90 8.132x107 0.995 1.162 16.70%
180 8.147x107 0.997 1.162 16.48%
2 49 BEHE WIS F LR E R Rk 2 L R(BREHE S 10
mSv)
e Ly PR )
A R EJE'JZTEZ?, % b i‘l HETHE 25
(em) | (°) (Gy/h) (mSv ) (mSv) (%)
0 3.125%x10 10.000 10.733 7.33%
30 -90 3.089x10 9.884 10.503 6.27%
90 3.159x107 10.107 10.769 6.55%
180 3.101x107 9.921 10.696 7.81%
0 8.170x107 10.000 11.229 12.29%
60 -90 8.003x107 9.796 10.709 9.31%
90 8.132x107 9.954 11.253 13.05%
180 8.147x107 9.972 11.084 11.15%
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% 4.10 ANSI/HPS N13.11-2001 22 ANSI/HPS N13.11-2009 %% 2_ ;P32 5f %

ANSIHPS M13.11-2001

Table 1
Test Categories, T_est Irradiation Rarlges. and Tolerance Le\rfls
Test Category Test lrradiation Tolerance Level (L) Performance
Range Quotioent Limit
. Applied
Desp Shallow
I. Accidents, photons 0.1 ta 5 Gy 0.3 " Notest No
A, General (B and C, random) {10 to 500 rad)
B. 'JFC-S
C. M150
Il. Photons 0.3 to 100 mSv 0.4 0.4 Yes
A, General (» =20 ke\/,» «if = *70 (0.03 to 10 rem)
ke, * =607 if =70 keV)
B. High E (* =500 ke, ** 60°)
C. Medium E (= =70 ke * = 80%)
D. Narrow Spectrum (N520,
NS&E0, ' am, " Cs " Co, if + +
=70 kels, = = 80°if =70 ke'/)
Ill. Betas 1.5 to 100 mSv Mo test 04 Yes
A, General (B and C, random) (0.15 to 10 rem)
B. High E (* =500 keV)
C. Low E (* =500 keV)
IV. Photon Mixtures 0.6 to 100 mSv 0.4 0.4 Yes
A, General (llA + 1IB) (0.06 to 10 rem)
B. 1B +IIC
C.lIB + D
V. Beta/Photon Mixtures 2.0 to 100 mSv 04 04 Ves
A. General (Il = 1II) (0.20 to 10 rem)
B. 1B + 1
V1. Heutron/Photon Mixtures 1.5 to 50 mSv 04 No test Mo
A, General (B and C, random) (0.15 to S rem)
B. **Cf+ Il

C. 2CH{D.0) + 1l

ANSI/HPS N13.11-2009

Table 1a. Test categories, test irradiation ranges, and tolerance levels

L Tolerance level (1)
Test irradiation

range Deep Shallow
I. Accidents, photons
A. General (B and C, random)
B."'Cs 0.05to 5 Gy
C.M150 (5 to 500 rad) 0.24 No test
11. Photons/photon mixtures
A. General® (F = 20 keV; L if £ 70 keV)
B. High E ("*'Cs, *'Co; a < 609)
C. Medium E' (£ > 70 keV, a < 60%) 0.5 to 50 mSv
D. Plutonium specific? (see Appendix A, Section A2) (0.05 to 5 rem) 0.30 0.30
11l. Betas
A. General {OB and C, random)
B. High E 95 sr/%Y)
C.LowE (“Kr) 2.5 t0 250 mSv
D. Uranium slab (0.25 to 25 rem) No test 0.30
IV. Photon/beta® mixtures 3.0 to 300 MSv
Shallow (0_30 to 30 rem) 0.30
0.5 to 50 mSv
Dezx (0.05 to 5 rem) 0.30
V. Neutron/photon mixtures®
A. General (B and C, random)
B. 2t 4 I 1.5 to 50 mSv
C. %CH(D:0) + Il (0.15 to 5 rem) 0.30 No test
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ANSI/HPS N13.11 (2009)
* A B OBIE 3t A1 KB R $6 3L A

FRfe R
4 B L P

i FE J1 3RBRAR AR N &

" £3~6lHA RARZ= 4
w 5 A SAE R R R

o F20R2 148 It 4058 5] 0K 518 %] 3t

FHE

Bemarnn s Biansard o

I ANSI/HPS N13.11(2009) % 33 a2 £

P= —H (a1 Hyd), (Eg. 10)
P:te # M, O [Hg (d); = Hy ()} Hyld);

n
B=P=(iny R (Ea 4
=1

B:f%ff'-.p
= {1 A PMMAZ 2 38 [$e-rr
.3 sul S {Eq. 11
o A B FURBMB A, ok AEAR g T T ’
w KA IITEEE N DAL RIE R A AT H B A MR R
Wi E B +5%<1®? (Eq9)
3 4
* b s * 8 4 530 (11D)
2001 2009 2001 2009
A:—4#z(B and C, random) |A:—#z(B and C, random) A:—#(B and C, random) 1A @ —dg, (BAIIC :
B:137Cs B:137Cs B: % #£(E = 500), XSr/Y A0S Y, #Kr i #)
C:M150 C:M150 € (E <500), 241, &5Kr B : e e, ST
#1:0.1~5 Gy # 21:0.05~5 Gy s i
#.%(L) =0.3 a2 (L) =0.24 B 1.5~100 mSv FH: 2.5~250 mSv
iidto Sueib ks #%(L) =0.4 #%(L) =0.3
ESTEEEEE L #aF)

b/ T A R EE (V)

2001(VI)

2009

A: —#z(B and C, random)
B: BICf+ 11
C: 3=CR(D,0)+ 11

VA © — 42, (VBAVCH #)
SCEHI
 ACD0)4

*

#H: 1.5~50 mSv

#.08: 1.5~50 mSv

(L) =0.4

#4(L) =0.3

I 18 K

F % 40 &

a7

PF R HRETRA
IS0 8529-3:1989

Cf-252 4 4 3¢ 3.40E-10,
Cf-25242 ¥ 4 #i 9.1E-11

AR RRET A
150 8529-3:1998

Cf-252 4 4 ¢ 4.00E-10,
CF-25215 % sk 44 it 1.10E-10

=
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S EBERGTHE EE5
%411 BF MR PEL LA FL ERRBREL
R/ L e - S
wg | U | goaa g |BRRE| REEE | BHER
A wpls | 228.0em® | By ~0.2 MeV(B) | 0~9999 cps
<2 MeV(a)
B FRA1590em® | a~Bry | <0.16 MeV(B) |0~5000 cps
<10 keV(y)
¥ 1r -\ 2 TR A 26 keV~ _
C FHN11555em” | a~By 125 MeV 0~9990 cps
F 412 BT PR fG SR E WP R BRI A
R %/ , . ! " S
S x| R | G EER £ 521§
=i Do
D Fai gl y 0.045~1.3 MeV | 10°~9.99 mSv/h
ar >150 keV(B)
Ig»& N ~ ~
E SV By 12 keV(y) 0~1 mSv/h
F PR B~y 0.02~2 MeV | 10°~1000 mSv/h
G Fai a~By |0.06~1.44 MeV | 5x10°~5 mSv/h
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Nuclear Instruments and Methods in Physics Research Section A

Techniques for Leak Measurement of the Medical
Diagnostic X-Ray Machine

Chin-Hsien Yeh, Ming-Chen Yuan , Kuo-Wei Lee

Health Physics Division, Institute of Nuclear Energy Research,
No. 1000, Wunhua Rd., Jiaan Village, Longtan Township, Taoyuan
County 32546, INER(TW )

ABSTRACT

According to radiation safety examination regulation of the Atomic
Energy Council (AEC) in Taiwan, the X-ray machine tube target should
be periodically checked for the highest leak rate measured at 1 m distance
and the value should be less than 0.87 mSv/h. Also the value for the leak
rate measured of the main beam at 30 cm distance outside the wall
surface should be less than 0.5 uSv/h. We made a leak measurement
comparison using the ionization chamber detector and the scintillator to
see the adequacy of the leak rate actually measured by the detectors as
well as the reasonableness of the leak rate required by the regulations.
The results showed that the scintillator has a faster response time, but the
VAR value of the detector and the verification results of the photon
analyzer were closer to the actual dose rate of the X-ray machine.

Keyword @ X-ray machine; leak dose rate; scintillator.

Bl 4.15 2014 £ # 45 Nuclear Instruments and Methods in Physics Research
Section A 7|2 < (F A7)
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Abstract

high energy neutron studies. The mechanism of ABNS is thst an ion beam strikes the
target, then nentrons are induced by (Z*, n) reaction, where Z* represents ion This study
analyzes ABNS for different rargets using MCNPX, 2 widely nsed Monte Carlo coda in
the field of miclear application. Four tarzet materials are selected, beryllium iron, copper,
and mmnzsten. The simulstion of accelerator is based on the cyclowon in The Instmme of
Noclear Energy Research, which produces 30 MeV/1 nA proton beam The simmiation
resulrs show tat for beryllinm target the yield af induced nevmon is e largest, although
omly 3%, and mast forward, sbout 74% The anzular di for irom, copper, and
Tngsten targets are nearly isoTopic. Another issue of inferest is the neumon emerzy
spectrum._ The calculation result shows that neufron enerzy spectram for beryllium targes
is harder than athers. This result can be nsed a5 & initial Fuess for energy specTum
and as a reference:

(2\} Materials and methods
v

Accelerator:

‘Accelerator is based on the cyclomon in The Instimre of Nuclear Energy Research, which
produces 30 MeV/1 nA proten beam Following Szwre shows schematic layout of a
cyclotren beam port.

Target materials:
The Targst marerials are salected, beryllinm, fron, copper, and nmesten. The thickness

Aschematic lsyout of a :jdmulbmlm

Selected target materials physical properties

MV peuinn projecied raoge fomy

Simulation:
The Computer code is MCNPX 2.6.0. The 30MeV proton beam stikies the target which
thickness is slightly smaller 30MeV proton projected range. MCNPX score the nentroms
in it withows any shielding snd reflector. Tally Tesult is neumron yield par proton which
divides by proton charge would get the neutron yield per A Thersfors, we can get
following equation

nentron yield per nA=nentron yield per proton x (5 2422x10%
Result is slightly smaller than neumon yield, because the mrget thickness is slighty
smualler than proton range referred before.
I can use Cn cerd to get the cosine bin for neawon yield, end divides by 2ar'dy would get
the neutron yield per solid angle.

Medical Application of Radiation

Dato: 25-Juno-2014, 26-June-2014
Time: AM11:40-PM13 PM13:00-14:00
Poster Index: 46

3 Results and discussion

[
) 3l 07
20 Tamai07
[T 20 936x107

The result can be explained by collision density.
B e

 (ENGEME
* (E): proton fiux. N: atom densiry, o{E): (9, 1) Teaction cross section

N=NAPM

For pM, Be=0.205, Fe=0141, Cu=0141, W=0105, and enerzy hreshold x (p, u)

reaction, Be=2MeV, Fe=SMeV, Co=10MeV, W=10MeV. The reaction enerzy range for

huylhmluﬂmlnp&&lm]:hm)mﬂnmlumhyhmhﬂ!hhh
«can know the less atomic weight. the more forward neusron percentags.

Angular distribution for four targets:

Induced neutron energy for Be and Fe:

mmmwmwmmmmmmw

neutron spectrum in 0 to 45 degree is similar. This feamre provides  good experimentsl
mhmmm

e =

T

FEEEE
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Bl 5.14 2014 & a2 € &+ < (International Symposium on Frontiers of
Technology for the Future: Low Carbon Energy and Life (FoTEL
2014))
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SORMA XV
(Symposium on Radiation Measurements and Applications, SORMA-15)
JUNE 07-15, 2014

Analyzing the responses of conventional and extended neutron
detectors in radiation fields of a 150-MeV LINAC

Yu-Chi Lin™", Rong-Jiun Sheu™ , Ang-Yu Chen", Kuo-Wei Lee'

National Synchrotron Radiation Research Center, Hsinchu, Taiwan

" Institute of Nuclear Engineering and Science, National Tsing Hua University, Taiwan
¢ Department of Engineering and System Science, National Tsing Hua University, Taiwan
4 Institute of Nuclear Energy Research, Longtan, Taoyuan, Taiwan

ABSTRACT

This study investigated the performances and characteristics of two
self~assembled high-efliciency neutron detectors during a LINAC
commissioning. The LINAC accelerated electrons to 150 MeV with a
nominal output of 1-5 nC per pulse and 3 Hz repetition rate. Operation of
this accelerator could produce significant amount of secondary radiation
including photons and neutrons, resulting from the electromagnetic
cascades and the subsequent photonuclear reactions. As shown in Fig. 1, a
simple rectangular shielding room made of | m thick concrete was
prepared for the LINAC commissioning. Neutron measurements at two
locations outside the shielding room were of particular interest, i.e. at the
downstream of the accelerator and at the lateral direction, because their
radiation fields were substantially different.

Bl 5.152014 £ $ f5 2 € & # < (Symposium on Radiation Measurements and
Applications, SORMA-15, JUNE 07-15, 2014)
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SORMA XV

(Symposium on Radiation Measurements and Applications, SORMA-15)
JUNE 07-15. 2014
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Monte Carlo simulations and benchmark measurements on the
response of TE(TE) and Mg(Ar) ionization chambers in photon and

electron beams

Yi-Chun Lin, Tseng-Te Huang, Yen-Fu Chen, Yuan-Hao Liu, Wei-Lin Chen, Shu-Wei W,
Sander Nievaart, Shiang-Huei Jiang

Abstract

The pawred 1onization chambers technique i1s commonly employed to
determine neutron and photon doses in radiology or radiotherapy neutron
beams, where neutron dose shows very strong dependence on the
accuracy of accompanying high energy photon dose. These photons and
the following electrons can be generated from reactor core, beam filter
and moderator, and materials such as phantom or human tissue along the
beam pathway. During the dose derivation, it takes an important role to
evaluate the photon and electron response functions of two commercially
available 1onization chambers, denoted as TE(TE) and Mg(Ar), used n
our reactor based epithermal neutron beam.

Due to the different particle behaviors and for the sake of accurate dose
measurement, dose responses of chambers to mcident photons and
electrons with energy from 20 keV to 20 MeV were calculated and
current responses were measured in the benchmark photon and electron
beams. The Monte Carlo code, MCNP5, was used to calculate energy
deposition in chamber cavity by using sumple spherical and detailed IC
models, and was compared with other Monte Carlo codes, EGSnrec.
FLUKA and GEANTH4 for photon beams. For electrons, the cavity energy
depositions were only calculated with MCNP5, EGSnrc and FLUKA
codes. The influence of ESTEP parameter in the three electron transport
modes of MCNP5 was studied for the purpose of photon optimal
calculation. Validations of chamber current were performed in 80, 100,
120, 150 kVp X-ray, ®Co field. 6 MV, and 10 MV LINAC photon beams
as well as 6 MeV and 18 MeV LINAC electron beams.

In the Mg(Ar) chamber model, MCNP5 showed lower response than
other codes for photon energy below 0.1 MeV and presented similar

response above 0.2 MeV. For TE(TE) chamber, all codes were almost

Bl 5.16 2014 & £ f5 2 € & ~ (Symposium on Radiation Measurements and
Applications, SORMA-15, JUNE 07-15, 2014)
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