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Gamma ray facility using Monte Carlo Code EGSnrc
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SUMMARY This study applies the Monte Carlo simulation method EGSnrc
Code with two dedicated codes: BEAMnrc code is used to simulate the
beam emitted from the accelerator head and DOSXYZnrc code is used
to calculate the dose emitted from the accelerator. From there, evaluate
the beam attenuation of radiation emitted from the accelerator through
the layers of shielding material. Initial study results showed that dose
limited at staff area (area Control) is 0,11 mSv/ week (5,5 mSv / year) and
in the public area (area Uncontrol) is 0,022 mSv/week (1,1 mSv/year).
Initial research results show that the effectiveness of the application of the
EGSnrc simulation program with two specialized codes, BEAMnrc and
DOSXYZnrc, shows that the radiation dose in the study area for medical
staff is safe, within the allowable limits.

Keywords: Accelerator, Radiation Safety, MCNP, EGSnrc,
DOSXYZnre, and BEAMnre.
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I. DAT VAN DPE

Nham thwe hién chwong trinh phong chéng ung thw
quéc gia, nhidu Bénh vién tai Viét Nam dang xuc tién viéc
l&p d&t may gia tc cho xa tri. Do suét liéu cung cAp bdi
cac may gia téc la rat cao, khu vuc xa tri cdn dwoc kiém
tra, kiém dinh (QA/QC) vé liéu blrc xa ro ri dé bao dam
an toan birc xa (ATBX) cho nhan vién y té ciing nhw cho
bénh nhan va than nhan bénh nhan [1]. Phdn mém méo
phdng Monte Carlo da va dang duoc trién khai thwe hién
tai nhiéu Bénh vién va co s& kham chira bénh trong va
ngoai nwéc [2]. Phdn mém nay cé thé xem nhw 1a mot
thiét bj dé adi chiéu voi két qua do lidu hién tai (may do
lidu Inspector). Phwong phap Monte Carlo tinh phan bb
lidu bang cach theo déi lich st ctia mot sb 1&n hat khi
chung phat ra tir ngudn birc xa va trai qua cac twong tac
trong moi trwo'ng bén trong va bén ngoai bénh nhan ciing
nhw bén trong va bén ngoai phong may gia téc [2].

Nang lwgng nhan dwoc tai mét vi tri trong moi
trwdng sé dwoc cong lai va cho ra liéu hap thu tai diém
do [3]. Phwong phap nay moé ta chinh xac ban chét vat ly
cla tlrng twong tac vi nd xem xét riéng cho hinh hoc cua
tirng bo phan trong may gia téc, bdo phan tao chum tia,
bé mé&t bénh nhan va sy khéng ddng déu vé mat do, cho
phép x{ ly nhidu trwéng hop tinh liéu phirc tap.

Nghién cru nay ap dung phwong phap mé phdng
Monte Carlo M& EGSnrc véi hai ma chuyén dung: Ma
BEAMnrc dung d& mé phéng chum tia phat ra tr d4u may
gia toc [4] va ma DOSXYZnrc dung dé tinh lidu lwong
phat ra t» may gia téc[1]. Tlr d6, danh gia sw suy gidm
chum tia clia btrc xa phat ra tr may gia tdc qua cac Iép
vat liéu che chan.

Il. DOI TUQONG, PHUONG PHAP NGHIEN CUU
1. Khai bao dau may gia téc

May gia téc trong nghién clru nay la may gia tbéc
tuyén tinh Primus, phat ra chum photon néng lwgng 6MV.
Déau phat tia clia may gia tbc gdom 09 bd phan: V4 chan
khong, Bia, Bo loc, Budng chan khéng, Guwong phan
chiéu, Bo ngam, Mica va L&p cach nhiét. Si dung ma
BEAMnrc dé khai bao cac thanh phan ctia dau may gia
tbc, két qua mé phoéng thu dwoc nhw Hinh 1[4].

Electron beam
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+ shielding

Flattening lonization
Filter Chamber
Upper (X)
F f
Joown o Lower (Y)
secondary ] Jaws of
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Hinh 1. M6 phéng dau may gia téc
2. Khai bao vung tinh liéu (Phantom)

Phantom dwgc s dung trong nghién cltu la
Phantom nuéc c6 thé tich 50x50x20 cm?® dwoc dat cach
dau may gia tbc 100cm. Phong xa tri gia toc c6 thé tich
1100x1007x678 cm?. Str dung ma DOSXYZnrc dé khai
bao cac thanh phan cla Phantom nwéc, két qua moé
phéng thu dwgc nhw hinh 2.
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Hinh 2. Kich thwéc phong xa tri dung may gia toc
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3 .Khai bao viing mé phéng DOSXYZnrc:

Trong qué trinh chay BEAMnrc két qua la mot hay
nhiéu file khéng gian pha (phase-space file). Mot file
khong gian pha la cach biéu dién dir lieu vé moét sé 1on
hat, méi hat gan v&i vai théng sd nhw vi tri, hwéng cla
chuyén déng, ndng lwong va cac thong sb khac. Mat
phang chira file khong gian pha phai & trong mét module.
D@ liéu file khong gian pha cé thé dwoc st dung mot
cach truc tiép nhw ngudn hat cho qua trinh mé phéng tiép
theo sau do6, hodc duwgc phan tich dé thu phd nang lwvong
hodac profile théng lwgng.

Primary barrier

Secondary barrier

de= 557Tm

c

Ving tinh liéu dwoc ghi nhan theo truc x:
10x10x10 cm?.

S6 dém lich str mé phéng: 24x108 sb dém.

Nguén st dung trong nghién ciru: Ngudn 02
(Nguén 02 la ngudn st dung file khéng gian pha thu
dwoc tr BEAMNrc).

4. Tinh phan b6 liéu trong phantom (phong may
gia téc) theo NCRP 151

Bai toan dat ra, tinh liéu so c&p va thi cp tai vi tri C
trén hinh 3 cho phong may gia toc v&i cac diéu kién lam
viéc cu thé nhw bén duwai.

Hinh 3. So’ d6 vi tri tinh liéu bén ngoai phong may gia téc

a) DPiéu kién lam viéc va dir liéu tinh toan
Liéu gi¢i han dwoc phép (P) trong ving kiém soat:

0,1 mSv/tuadn (5 mSv/ndm) va trong ving khong kiém
soat 0,02 mSv/tuan (1 mSv/nam).

Liéu twong dwong cwc dai trong 1 gid: 0,02 mSv
(20 pSv)

Sé lwong bénh nhan trong ngay: 100 ngudi
Liéu chiéu cho méi bénh nhan: 2 Gy

May gia tbc lam viéc 8 gio/ngay va 5 ngay/tuan
May gia tbc phat chum photon 6MV

Khoang cach tir ngudn dén Isocenter: 100 cm

d

C= 575 m: khoang cach tir isocenter dén diém
bén ngoai twerng che chan cach tuwdng 0.3 m.

d

ngoai twdng che chén cach twong 0,3 m.

pri = 6,75 m: khoang cach tlr ngudn dén diém bén

W (6 MV) = (100 bénh nhan/ngay)*(2 Gy/bé&nh
nhan)*(5 ngay/tuan) = 1000 Gy/tuan

U=0,25
T=0,025

Vat lieu dwoc st dung dé khai bao cho cac voxel
trong phantom bao gém: Khéng khi (AIR700ICRU),
bétong (Concrete) va nwéc (H20700ICRU). Mat d6 cla
khong khi va nwéc cé s&n trong bo div liéu PEGS. Di véi
bétong dwoc st dung trong mé phong la bé tong nang
c6 mat dé 3,2g/cm3 va dwoc thém vao b div liéu PEGS
théng qua egs_gui [...]
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b) M6 hinh hoa dau may gia téc dung BEAMnrc

Cac CM duoc str dung dé mé ta cac thanh phan
dau may gia tbc Primus HPD & Bénh vién Cho' Ray bao
gdm: SLABS, FLATFILT, CHAMBER, MIRROR va JAWS.
Cu thé.

+  Ctra s6 ra khéi éng chan khéng (vacuum
envelope): Bao gdm 2 16'p Titanium (Ti) day 0,005 cm va
mot I&p nwéc day 0,066 cm & gitra. Clra sb thoat chan
khong c6 vi tri bat dau tai -0,424 cm. Pugc khai bao la
CM: SLABS.

. Bia (target): Bia gdbm 8 I6p theo th(r tw Air
0,112 cm, Tungsten (W) 0,064 cm, Nicoro 0,015 cm,
Copper (Cu) 0,165 cm, Nicoro 0,005 cm, Stainless Steel
0,102 cm, Graphite 1,016 cm, Stainless Steel 0,004 cm.
CM: FLATFILT. Khoang céach tir bia dén b& mé&t phantom
nwéce la 100 cm.

+ B loc (flattening filter): C6 cAu truc phirc tap
danh riéng cho tirng mrc nang lwgng 15 MV va 6 MV.
CM: FLATFILT

+  Buéng do (chamber): Bao gém 3 |6p Ceramic
(AI203) 0,152 cm xen ké v&i 2 16p Nitrogen (N2) 0,184
cm. CM: CHAMBER

. Gwong (mirror): CAu tao bdi SiO2 0,209 cm.
CM: MIRROR

+  JAWY: La 2 tdm lam bang Tungsten, d6 m&
theo truc y thay ddi dwoc dé tao kich thwéc trudng 40x40
cm2 trén bé mat Phantom, day 7,620 cm. CM: JAWS

+  JAWX: La 2 tAm lam bang Tungsten, d6 m&
theo truc x thay ddi duoc dé tao kich thwéc trudng 10x10
cm2 trén b& mat Phantom, day 7,620 cm. CM: JAWS

+  Tam mica: (RECTICLE tray) lam bdng Mica
day 0,663 cm. CM: SLABS

*  Lo&p khong khi: day 56,805 cm. CM: SLABS
c) Nguén str dung trong BEAMnrc

Nguén dwoc sir dung la ngudn song song véi truc
Z dén tir mat trwdc cia Bia (ngudn sb 0) trong thw vién
clia BEAM.

Ngudn dugc lwa chon mé phéng dé phat chum
photon ¢é mirc nang lwong 6 MV la nguén electron cé
phd ndng lwong tr 0,7 MeV dén 7 MeV va twong &ng Vi
xac suét phat hat nhw bang 1.

Bang 1: Khoang nang lwong va xac suat twong (rng
v&i photon 6MV

Khoang nang Khoang

lwong Xac suat | nang lwong | Xac suat

(MeV) (MeV)
07-40 |T31EM | 575_g0 |298E-01
40-5,0 4,29E-04 | 6,0-6,25 |2,98E-01
5,0-5,25 5,80E-03 | 6,25-6,5 |1,55E-01
525-550 |[4,16E-02 | 6,5-6,75 |4,16E-02
5,50-5,75 |1,5E-01 6,75-7,0 |5,08E-03

5. Ngudn va cac théng s6 van chuyén

Nguén dwoc dung trong mé phdng la ngudn 2 trong
thw vién ctia DOSXYZnrc. Ngudn 2 dung file khéng gian
pha PHANTOM_6MV.egsphsp1 tao ra tir qua trinh chay
BEAMnrc. Nguén t&i tir trai sang phai theo phwong x va
nam trén méat phantom. V&i Theta la géc hop béi hwéng
chiéu ctia chum tia véi chiéu duong truc z, phi la géc hop
b&i chiéu dwong truc x va hinh chiéu ctia mét phang x-y
lén bé& mat phantom. D& hé toa dd trong BEAMnrc va
DOSXYZnrc twong thich ta dat phicol = 180.

center of
source plane

ISOURCE = 2

phicol R _«/y b

phi
T

z

Hinh 4. Toa dé File khéng gian pha dén tir nguén 2
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6. Két qua tinh toan theo NCRP 151

a. Liéu bén ngoai tworng so cap (Hpri)
2 -6 2

_pxd?, (20x107°)(5,75+1)

= - =1,46x10""
7 ZTWUT ~ (1000)(0.25)(0,025)

n=-log(B,,)
=-log(1,46x10™)
=3,84
t,; =TVL +(n-1)xTVL,
=24+(3.84-1)x20
z81(cm)

_[(t-TVLI)}
B= (10“)10 TV

= (10" )10{(812_024)}

=1,46x10"
2
H, =B, WUT (1+d.)

=1,46x10™ x1000x 0,25 x 0,025 x (1 + 5,75)'2
=20x10°(Sv/tuan)
= 20(,uSv/tuan)
= IOOO(ySv/nam)
= l(mSv/nam)
b. Liéu bén ngoai twéng thir cap (H. )
- Blrc xa tan xa tir bénh nhan tai vi tri C (Hm)
lio =1, +2xHVL
=1,,+2x0,301xTVL,
=81+2x0,301%x20
= 93,04(cm)

tS

ca

B = 10{ TVLWJ

93,04)

ol
=6,2x10*
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H_, =B, ><a><F><4%)0><W><U><T><(afc)_2 ><(dm)_2

=6,2x10" x (8,24 x10") x (40 x 40) ><$x1000><o,25><0,025><(5,75)'2 x(1)”

=3,86x10" (Sv/tuan)
= 0,386(,uSv/tuan)

- Blrc xa ro ri tai vi tri C (HL)
P = 20x10% Sv/tudn

fyca (C) =93,04 cm

dL =575m

W(6 MV) = 1000 Gy/tuan
T =1/40 = 0,025

VL (6 MV) = 18 cm va TVL, _ 46 om

H,(6MV)=B, x10° xW xT x(d,)”

2

:10_{1+[t TI:L]}} x10° xW xT x(d,)

) {1{93,04-18}
=101 " 1 Jx10° x1000x0,025%(5,75)”
=1,54x10” (Sv/tuan)
=1,54x10" (,uSv/tuan)

- Téng birc xa thir cap bén ngoai phong may gia téc

Hsec = Hsca +HL
=0,386+1,54x10
= 0,388(,uSv/tuan)

c. Téng liéu birc xa bén ngoai phong may gia téc
H=H, ,+H,
=20+0,388
= 20,388(;1Sv/tuan)
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IV. KET QUA MO PHONG
1. Két qua tinh liéu tai khu vwec nhan vién

Bang 2. Liéu tai khu vwc nhan vién

Vitri (cm) Gia tri liéu (Gy) Sai sb
S =9 1,096E-17 0,00%
5 25 4 93E-18 0,00%
25 — 390 754E-19 0,10%
390 — 445 1,37E-19 0,00%
445 — 520 4,45E-22 0,40%
520 — 550 1,23E-24 59,60%
1.00E-14
5 -5 5 —25 25 —390 390 —445 445 —»520 520 —550
1.00E-15
g. 1.00E-16
& 1.00E17 4
§’ 1.00E-18 \\
2 1.00E-10 o
§ 1.00E-20 \
% 1.00E-21 \
% 1.00E-22 \
1.00E-23 \
1.00E-24 \

Ving tinh liéu trén truc X

Hinh 5. Liéu mé phéng theo Bang 1
Két qua tinh liéu birc xa tir Bang 1:

1,230 x 10

DStaﬁ” -

1,096 x 1077

x 1000

=0,11 x 10 (Gy/week)
= 0,11 (mSv/week)
2. Két qua tinh liéu tai khu vwc céng chiing

Bang 3. Liéu tai khu vwc cong ching

Vi tri (cm) Gia tri liéu (Gy) Sai s6
-5 -5 3,97E-18 0,0%
5 —>25 1,43E-18 0,0%
25 — 390 4,05E-21 1,0%
390 — 445 8,41E-23 0,6%
445 — 520 1,44E-24 3,0%
520 — 550 9,05E-26 58,0%

-5 %25 25 ->390 390 -> 445 445 ->520 520 -> 550

9.25E-19

9.25E-20

925621 \

9.25E-22 \

925623 \

9.25€-24 \

9.25E-25 \\

9.25E-26

Ving tinh lidu trén truc X

Hinh 6. Liéu mé phéng theo Bang 2
Két qua tinh liéu birc xa tir Bang 2:

D

Oi

“ X 1000

Public

D

In

9,05x 102
= —— x 1000
397x 107

=22 x 107 (Gy/week)
=0,022 (mSv/week)
=1,1 x 10°% (mSv/year)

Théng qua co s& ly thuyét tir NCRP 151 va thuc
tién tai phong may gia téc-Bénh vién Nhan dan 115.
Nghién ctru tinh toan che chdn ATBX cho phong may gia
tbc qua hai phwong phap. Dwa vao co sé ly thuyét NCRP
151 dwa vao mé phédng Monte Carlo Code EGSnrc va
két qua tinh dwoc so sanh véi két qua do tai Bénh vién
Nhan dan 115. Bé tién hanh tinh toan, tac gia va cong sw
tién hanh tim hiéu nhitng yéu té6 chd yéu trong tinh toan
che chan bao gdm suét lidu, tAn suét phat tia, s lwong
bénh nhan, cac géc chiéu trung binh, théi gian lwu tri ctia
nhan vién hay céng ching tai co sé, b tri hinh hoc cta
khu vwe l1an can,...Dac biét 1a bd tri hinh hoc cla phong
may gia tbc. Cac diéu kién tinh toan theo NCRP 151 va
theo m6 phdng Monte Carlo hoan toan nhw nhau trong
trwong hop do thyc té tai bénh vién Nhan dan 115. Cu
thé, trong bang.
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Bang 4. Cac diéu kién ap dung trong tinh toan va mé phéng

Diéu kién tinh toan & mé phéng

Gia tri/don vi

Liéu gi¢i han dwoc phép (P) trong ving kiém soat

0.1 mSv/tuan (5 mSv/nam)

Liéu gi¢i han dwoc phép (P) trong ving khong kiém soat

0.02 mSv/tuan (1 mSv/ndm)

Liéu twong dwong cwc dai trong 1 gi®v

0.02 mSv (20 pSv)

S6 lwgng bénh nhan trong ngay

100 ngu&i

Liéu chiéu cho mdi bénh nhan

2 Gy

Thoi gian 1am viéc clia may gia toc

8 gid/ngay va 5 ngay/tuan

Khoang cach tlr ngudn dén Isocenter 100 cm

May gia téc phat chum photon cé néng lwong 6 MV
Khoang cach tir isocenter dén diém bén ngoai twdng che chan cach twong 0.3 m | d. =5.75m
Khoang cach tlr ngudn dén diém bén ngoai twdng che chan cach twdng 0.3 m. d,;=675m
Workload 1000

Use factor 0.25
Occupancy factor 0.025

Dé tién hanh mé phéng: ching t6i tién hanh tim
hiéu chwong trinh mé phéng Monte Carlo code EGSnre.
Dac biét la hai user code: BEAMnrc-mé phdng chum tia
phat ra tir may gia tbc va DOSXYZnrc- tinh toan phan
bd liéu khi chum tia truyén qua céc I&p che chén véi bé
day va mat do khac nhau. CAu trinh hinh hoc cla phong
may gia tbc bao gbm mot phantom nuéc dat gitra phong
may va toan bo thé tich ctia phong may. Sau khi xac dinh
mang gia tri liéu ghi nhan theo phwong ngang (truc x) tai
dd sau 10 cm. Chung téi tién hanh lap ti sb gitra gia tri
lidu ghi nhan bén ngoai phdng may va bén trong phatom
nwéc dé kiém dinh tinh an toan cho phong may gia téc.

Két qua tinh liéu (liéu so cip va liéu thtr cap) bén
ngoai phong may gia tbc, tai diém cach twéng 0.3m theo

NCRP 151 la H:20,388(ySv/tuan) va két qua mod
phong theo Monte Carlo Code EGSnrc trong phantom
nwéc 50x50x20 cm?3 dat & gitra phong may gia tdc la
1,787E-18 (Gy) va & bén ngoai phong may gia tbc tai
diém cach twong 0.3m la 1,266E-24 (Gy).

Khi do: 1,266 x 10
D=——— =0,7x10%

1,787 x 1018

3. So sanh két qua mé phong va két qua do liéu
thwe té tai Bénh vién Nhan dan 115

CODE Thoéng tw
Khu vie EGSnrc 19/2012/TT-
BKHCN
Cdbng chung 1,1 (mSvl/year) 1 (mSvlyear)
Nhan vién 5,5 (mSv/year) 6 (mSv/year)
V. BAN LUAN

Trong nghién ctru nay, chung t6i da rng dung thanh
cong chwong trinh mé phdng EGSnrc v&i hai ma chuyén
dung 1a BEAMnrc va DOSXYZnrc véi két qua buéc dau
nghién clru cho thay liéu gi¢i han & khu virc nhan vién la
0,11 mSv/tuan (5,5 mSv/ndm) va & khu vuc cong ching
[a 0,022 mSv/tuan (1,1 mSv/nam).

Két qua nay thdp hon 8,3% & khu vic nhan vién va
& khu vye cong chung la 10% so voi quy dinh cla IAEA
[3], ICRP [2] va Thong tu s& 19/TT-BKHCN ngay 8 thang
11 nam 2012 cta B6 trwdng Bo Khoa hoc va Cong nghé
quy dinh vé& “Liéu lwong quyét dinh gi¢i han cho phép
hang nam dbi vai tivng déi twong” [5].
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Lidu blre xa tai khu vuc cOng cdng cla trwdng hop
mo phdng cao hon 10% so vé&i két qua thyc té tai Bénh
vién Nhan dan 115, dwogc gidi thich nhw sau: Sy hién
dién cua ro ri birc xa; Blrc xa phan tan tir bénh nhan, géc
do, hwéng ctia may chiéu slide.

VI.KET LUAN

Qua két qua mé phdng va tinh toan, ching téi nhan
thay réng cac két qua hoan toan phu hop véi gia tri do

TAI LIEU THAM KHAO

thwe té& tai Bénh vién Nhan dan 115. Va EGSnrc la mot
Code c¢6 nang lwc trong md phéng van chuyén birc xa.

Két qua nghién ctru cho thay rang hiéu qua cla viéc
trng dung chwong trinh mé phédng EGSnrc v&i hai ma
chuyén dung 1a BEAMnrc va DOSXYZnrc, két qua lidu
blrc xa trong khu vwe nghién ctru déi vé&i nhan vién la an
toan, ndm trong gi¢i han cho phép.

1. Mayles P., Nahum A., Rosenwald J.C. (2007), Handbook of radiotherapy physics, Taylor & Francis.

2. National Council on Radiation Protection and Measurements (2005), “Structural Shielding Design and Evaluation
for Megavoltage X and Gamma Ray Radiotherapy Facilities” , NCRP Report No.151, NCRP.

3. Podgorsak E.B. (2005), Radiation oncology physics: A handbook for teachers and students, IAEA.

4. Rogers D.W.O., Walters B., and Kawrakow |. (2002), “BEAMnrc Users Manual’, National Research Council of

Canada Report PIRS-0509a, Ottawa.

5. Thong tw sb 19/2012/TT-BKHCN ngay 08 thang 11 nam 2012, Bd Khoa hoc Céng nghé Quy dinh vé kiém soat va
bao dam an toan blrc xa trong chiéu xa nghé nghiép va chiéu xa céng chung.

TOM TAT

Nghién clru nay 4p dung phuong phap mé phong Monte Carlo Ma EGSnrc véi hai ma chuyén dung: ma BEAMnrc dugc sur

dung dé mé phong chum tia phat ra tir ddu may gia téc va md DOSXYZnrc dugce sir dung dé tinh toan liéu lugng phat ra tir may gia

tc. Tir do, danh gid sy suy giam chim tia ctia birc xa phét ra tir may gia toc qua cac 16p vat lidu che chan. Két qua nghién ctru ban

dau cho thay lidu gi6i han & khu vue nhéan vién (khu vuc Kiém soat) 12 0,11 mSv/ tudn (5,5 mSv/ nim) va & khu vuc cong cong (khu

vue Khong kiém soat) 1a 0,022 mSv / tudn (1,1 mSv / nam) ). Két qua nghién ctru budc du cho thdy hiéu qua cua viéc img dung

chuong trinh mo6 phong EGSnrc v6i hai ma chuyén dung 1a BEAMnrc va DOSXYZnre, két qua lidu birc xa trong khu vuec nghién

ctru d6i v&i nhan vién y té 1a an toan, nam trong giGi han cho phép.

Twr khoa: May gia toc, An toan birc xa, MCNP, EGSnre, DOSXYZnre va BEAMnre.
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