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Tém tit: Phin mém FLEXPART mé phong phat tan phong xa trong khi quyén dua trén cac
chuyén dong theo truong gio va cac nhleu loan ngiu nhién. Dé mo phong cac qua trinh ngau nhién
chuong trinh FLEXPART str dung mot sO luong céac hat mé phong nhat dinh. Thay d6i s6 luong cac
hat mé phong dan dén sy thay doi két qua mo phong nong do phat tan cua ‘cac nhén phong xa. S6 hat
mo phong cang 16n két qua mo phong cang chinh xac. Tuy nhién khi ting s6 hat mé phong chi phi tinh
toan ciing ting. Muc tiéu ciia nghién ctru nady nham xac dinh sd hat mo phong dé c6 thé dwa ra két qua
moé phong chap nhan duogc. Bao céo trinh bay két qua danh gia d6 bat dinh vé& ndng d6 cac nhan phong
xa trong md phong phat tan nhan phong xa *’Cs va "*'I khi st dung phan mém FLEXPART" theo s6
hat mo6 phong. S4 hat md phéng dugce st dung trong nghién ctru nay la 100, 1000, 5000, 7500, 10000,
15000, 20000, 25000 va 30000 hat/gid. Sir dung phan mém xt Iy anh OpenCV dé danh gia do sai 1éch
vé két qua md phong theo sé hat moé phong duge sir dung. Két qua danh gia cho thay voi sb hat mo
phong 16n hon 10000 hat/gio két qua mé phong 1a chip nhan dugc.

Tir khéa : FLEXPART, dg bat dinh, hat mé phéng, OpenCV

1. MOPAU

Phian mém FLEXPART duoc sir dung rong rai trong md phéng phat tin khi. Phan mém
FLEXPART st dung mé hinh hat Lagrangian dé mo ta quy dao hat di chuyen trong moi
truong. Mo hinh hat Lagrangian dugc s dung rong rai va néi chung dugc chap nhan nhu 1a
mot cong cu manh dé mé phong qua trinh phat tan cta cac chat gay 6 nhiém trong méi truong
khi. P& mo phong cac qua trinh ngau nhién chuong trinh FLEXPART sir dung mot s6 luong
cac hat mé phong nhat dinh. Trong nghién ctru nay chung toi sir dung chuong trinh
FLEXPART dé mb phong su phat tan cua cac nhan phong xa trong su ¢6 nha may dién hat
nhan Fukushima. Thay d6i s6 lugng cac hat mo phong dan dén sy thay ddi két qua mo phong
ndng do phat tan cta cac nhan phong xa. S6 hat md phong cang 16n két qua mo phong cang
chinh xac. Tuy nhién khi tang s6 hat mé phong chi phi tinh toan ciing tang. Bai toan dét ra can
xac dinh s6 hat m6 phong can thiét dé c6 duoc két qua vé nong d6 chat gay 6 nhiém du tin cay
vé mit thong ké. Trong cac cong trinh cong bd vé st dung chuong trinh FLEXPART mo
phong qua trinh phét tan chat giy 6 nhidém trong méi truong khi, sé hat mo phong duogc su
dung thay d6i trong mot dai kha rong tir 5000 hat/gio [1] dén 1000000 hat/gid [2]. Tuy nhién
chua c6 mot cong bd vé cach lya chon 6 hat m6 phong dugc sir dung. Trong nghién ctru nay
chung t6i khao sat danh gia do sai khac vé nong do cac nhén phong xa trong m6 phong phat
tan nhan phong xa °’Cs va 311 khi st dung phan mém FLEXPART theo s6 hat mo phong. S6
hat m6 phong duge st dung trong nghién ctru nay la 100, 1000, 5000, 7500, 10000, 15000,
20000, 25000 va 30000 hat/gio.

2. NOI DUNG
2.1 Pdi twgng va phwong phap

Chuong trinh FLEXPART sir dung s6 hat mé phong dé mo phong qua trinh phat tan cua
chat giy 6 nhiém. Chuong trinh dua ra két qua mé phong nong d6 chat gay 6 nhiém dudi
dang ludi 3 chiéu kinh d6, vi d6 va do cao. St dung phan mém Quicklook xur ly két qua dau
ra ctia chuong trinh FLEXPART thanh céc hinh anh biéu thi sy phan bd ctia ndng do chat gay
6 nhiém theo cac toa do kinh do va vi do. Trong nghién ctru nay chiing toi sir dung ciing mot
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ngudn phong xa *’Cs va *'I duoc phat ra trong sy ¢b nha may dién hat nhan Fukushima tir
15:00 ngay 11/03/2011 UTC dén 0:00 ngay 20/04/2011 UTC véi s6 hat mé phong 100, 1000,
5000, 7500, 10000, 15000, 20000, 25000 va 30000 hat/gid. Nhan phong xa B7Cs ¢ dang sol
khi con nhan phong xa 'l c6 dang khi. Két qua mé phong phat tan cta cac nhan phong xa
B7Cs va B'I voi s6 hat mé phong 30000 hat/gid duge xem 1a két qua chun. Ching toi khao
sat danh gia do sai khac vé két qua mo6 phong ndng dd cac nhan phong xa véi sb hat mod
phong 100, 1000, 5000, 7500, 10000, 15000, 20000, 25000 hat/gid so vdi truong hop sé hat
m6 phong 30000 hat/gio. Dé danh gia do sai khac vé phan bd ndng d6 cac nhan phong xa giira
hai hinh anh 14 két qua mé6 phong vé6i s6 hat mo phong duoc st dung 13 mot trong cac truong
hop 100, 1000, 5000, 7500, 10000, 15000, 20000, 25000 hat/gi¢ va két qua md phong véi sb
hat m6 phong 30000 hat/gid ching t6i st dung dai luong sai sb binh phuong trung binh
(Mean Squared Error - MSE). Pai lugng MSE dugc dinh nghia nhu sau:

m—-1n-1

1
MSE=— > 3[1(0.)) = KNP (1)

m.n
i=0 j=0

Trong d6 m,n 14 chi sd toa d6 kinh d6 va vi do
I(i,)) 1a néng dd nhan phong xa tai toa do (i,)) voi s6 hat mo phong 1a mot trong
cac truong hop 100, 1000, 5000, 7500, 10000, 15000, 20000, 25000 hat/gio.
K(,) la néng dd nhan phong xa tai toa do (i,)) voi s6 hat mo phdng 1a 30000
hat/gio.

Dé tinh dai lwgng MSE chiing t6i sir dung doan phan mém viét baing ngon ngit Python voi
thu vién numpy [3].

DPé mo phong qua trinh phat tan ctia cic nhan phong xa voi sé hat mé phong 100, 1000,
5000, 7500, 10000, 15000, 20000, 25000 va 30000 hat/gi¢ chiing toi chay chuong trinh
FLEXPART trén siéu mdy tinh véi cdu hinh 24 CPU Intel(R) Xeon(R) X5650 @ 2.67GHz
hé diéu hanh Linux, RAM 32Gb.

2.2 Két qua ,
Vi cau hinh may tinh nhu trén, thoi gian tinh véi s6 hat mé phong 100, 1000, 5000,
7500, 10000, 15000, 20000, 25000 va 30000 hat/gi¢ dugc dua ra trong Bang 1.

Béng 1.Thoi gian tinh véi s6 hat mé phong 100, 1000, 5000, 7500, 10000, 15000, 20000,

25000 va 30000 hat/gio.
S6 hat mo6 phong Thoi diém bat dau Thoi diém két thic Thoi gian tinh
(hat/gio) tinh tinh (phut)

100 16/01/19 3:31 16/01/19 10:18 407
1000 16/01/19 3:39 17/01/19 0:48 1268
5000 12/11/18 2:32 14/11/18 14:08 3575
7500 12/11/18 2:39 14/11/18 23:08 4108
10000 12/11/18 4:12 15/11/18 17:12 5099
15000 15/11/18 4:25 20/11/18 3:12 7126
20000 15/11/18 10:06 21/11/18 19:12 9186
25000 22/11/18 2:56 30/11/18 8:12 11836
30000 22/11/18 8:06 03/12/18 10:12 15966

Tir cac dir liéu dua ra trong Bang 1 ¢6 thé thay thoi gian tinh ty 1& voi s6 hat mo phong
duoc sir dung. Thoi gian tinh trong truong hop sé hat mé phong duge sir dung 1a 30000
hat/gio la 15966 phut tic la khoang 11,1 ngay. Day la khoang thoi gian 16n va thuong rat kho
kha thi khi can phai giai quyét cac bai toan lién quan dén khao sat tic dong ciia cac loai hinh
thoi tiét dén két qua mo phong ctia mot su ¢d hat nhan nao do.
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Chung t6i tién hanh khao sat su sai khac vé phan b ndng d6 ciia nhan phong xa BCs va
P17 14 két qua tinh toan mo phong véi s6 hat moé phong dwogce st dung 100, 1000, 5000, 7500,
10000, 15000, 20000, 25000 hat/gid so voi trudong hop s6 hat mo phdéng duogc st dung la
30000 hat/gid. Két qua khao sat sy sai khac vé phan bd néng do cac nhan phong xa *’Cs va
11 thong qua dai lugng MSE dugc dua ra trong Bang 2.

Bang 2. MSE ciia phan b ndng d6 cac nhan phong xa *’Cs va *'1 véi sb hat mé phong
dugc str dung 100, 1000, 5000, 7500, 10000, 15000, 20000, 25000 hat/gi¢ so vdi truong hop
s0 hat mo6 phong duoc st dung 1a 30000 hat/gio tai thoi diém 11:00 ngay 16/03/2011 UTC.

S6 hat mo phong MSE ciia phan bd nong d6 nhan phong xa °'Cs va '1 tai

(hat/gi0) thoi diém 11:00 ngay 16/03/2011 UTC
70 I3T]

100 473,3 182,8
1000 237,4 90,1
5000 131,3 49,7
7500 93,2 35,2
10000 91,4 34,5
15000 77,0 29,0
20000 74,7 28,1
25000 73,0 27,5

Bang 3. MSE cuia phan bb ndng d6 cac nhan phong xa *’Cs va *'I véi s hat mé phong
dugc str dung 100, 1000, 5000, 7500, 10000, 15000, 20000, 25000 hat/gio so véi trudng hop
s0 hat mo6 phong duoc st dung 1a 30000 hat/gio tai thoi diém 18:00 ngay 02/04/2011 UTC.

S6 hat mo phong MSE ciia phan bé nong d6 nhan phong xa °’Cs va '1 tai
(hat/gio) thoi diém 18:00 ngay 02/04/2011 UTC
P70 13Ty

100 3906,4 4055,2

1000 1264,5 1256,0
5000 466,0 457,6
7500 363,2 356,3
10000 312,6 306,5
15000 248.,5 243,6
20000 226,4 2222
25000 217,2 213.3

Hinh 1,2 chi ra sy sai khac vé két qua tinh toan mo phong ndng d6 nhan phong xa "*’Cs va
BT v6i s6 hat mo phong twong Gmg véi 100, 1000, 5000, 7500, 10000, 15000, 20000, 25000
va 30000 hat/gid tai thoi diém 11:00 ngay 16/03/2011 UTC.

Hinh 3,4 chi ra su sai khac vé két qua tinh toan mé phong ndng do nhan phong xa *’Cs va
P11 v6i s6 hat mo phong tuong tmg véi 100, 1000, 5000, 7500, 10000, 15000, 20000, 25000
va 30000 hat/gid tai thoi diém 18:00 ngay 02/04/2011 UTC.

Hinh 5 chi ra sy phu thudc cua dai luong MSE vao s6 hat mo phéng dugc st dung.

2.3 Ban luén

Tir két qua dua ra trong Hinh 5 c6 thé thay dai lwong MSE giam nhanh khi ting s6 hat mo
phong duoc st dung. Nhung voi sé hat str dung 16n hon 10000 hat/gio dai lwong MSE giam
cham khi ting s6 hat mé phong duogc str dung. Ciing trén Hinh 5 c6 thé thay d6 16n cua dai
lwong MSE ddi voi mé phong phat tan dang hat (truong hop nhan *’Cs) 16n hon do 16n cia
dai luong MSE dbi voi md phong phat tan dang khi (truong hop nhan *'T). Tuy nhién sy sai
khac nay giam di khi khoang thoi gian phat tan phong xa tang 1én.
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Hinh 1. Két qua tinh toan md phong ndng d6 nhan phong xa '*’Cs véi s6 hat mé phong twong
g véi 100, 1000, 5000, 7500, 10000, 15000, 20000, 25000 va 30000 hat/gid tai thoi diém
11:00 ngay 16/03/2011 UTC.
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' Hinh 2. Két qua tinh todn moé phong ndng do nhan phong xa B v6i s6 hat mo phong tuong
ung voi 100, 1000, 5000, 7500, 10000, 15000, 20000, 25000 va 30000 hat/gio tai thoi diém
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11:00 ngay 16/03/2011 UTC.
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Hinh 3. Két qua tinh toan mo phong ndng d6 nhan phong xa *’Cs véi s6 hat mé phong tuong
ung véi 100, 1000, 5000, 7500, 10000, 15000, 20000, 25000 va 30000 hat/gio tai thoi diem
18:00 ngay 02/04/2011 UTC.
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Hinh 4. Két qua tinh toan mé phong ndng d6 nhan phong xa *'1 v6i sé hat mé phong tuong
ung vaoi 100, 1000, 5000, 7500, 10000, 15000, 20000, 25000 va 30000 hat/gio tai thoi diém
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18:00 ngay 02/04/2011 UTC.
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Hinh 5. Su phu thudc ctia dai lugng MSE vao sé hat mé phong duoc sir dung

V& nguyén tic st dung s6 hat mo phong cang 16n s& cho ra két qua tinh toan mé phong
phan bd néng d6 cac nhan phong xa cang chinh xac. Tuy nhién viéc ting s hat mé phong
cling lam tang thoi gian tinh va doi hoi tai nguyén tinh tang theo. Piéu nay dit ra Van dé can
phai xac dinh s6 hat mé phong dugc sir dung mot cach t6i uu sao cho trong khi van dam bao
duoc do chinh xé4c can thiét cta cac két qua tinh toan ma khong doi hoi tai nguyén tinh qua
16n. Pai luong MSE ¢6 thé duoc sir dung lam thudc do sy sai khac vé phan b nong do cac
nhan phong xa tai mot thoi diém nhét dinh khi so sanh két qua tinh toan phan bd nong do cac
nhan phong xa sir dung s6 lwong hat mo phong khac nhau. Tir két qua dua ra trén Hinh 5 ¢6
thé théy véi sb hat mo phong dugc st dung 16n hon 10000 hat/gio su sai khac ctua dai lugng
MSE 1a khéng nhiéu. Hinh 3,4 ciing chi ra phan bd ndng d6 cac nhan phéng xa *’Cs va 'l
rat kho phan biét khi s6 hat mo phdng dugce st dung 16n hon 10000 hat/gio.

3. KET LUAN

bai lugng MSE c6 thé duoc st dung lam thudc do su sai khac vé két qua tinh toan mo
phong phan bd nong d6 cac nhan phong xa khi s dung sé luong hat mo phong khac nhau.
Két qua khao sat dai lugng MSE véi s6 hat mo phong duoc st dung khac nhau cho thdy voi
s6 hat mo phong 16n hon 10000 hat/gio két qua mé phong sé khong sai khac nhiéu so voi két
qua mo phong sir dung s6 hat mo phong 30000 hat/gid. Vi vay trong truong hop tai nguyén
tinh bi han ché c6 thé st dung s6 hat mo phong 10000 hat/gid dé chay chwong trinh
FLEXPART mo phong su phat tdn ctia cac nhan phong xa.

Céc tac gia cam on chuong trinh KC.05.07/16-20 da tai trg cho nghién ctru nay.
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EFFECTS OF NUMBER OF SIMULATED PARTICLES ON THE UNCERTAINTY
IN SIMULATION OF DISPERSION OF RADIOACTIVE MATERIAL USING FLEXPART
PROGRAM
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Abstract: Flexpart software simulates atmospheric emissions based on wind-field
movements and random disturbances. To simulate random processes, Flexpart uses a certain
number of simulation particles. Changing the number of simulation particles causes a change
in the simulated results of the dispersion concentration of the radionuclides. The larger
number of simulated particles results in the more accurate simulated results. However,
increasing the number of simulated particles results in the increasing of the computational
cost. The report presents an assessment of the uncertainty in the concentration of
radionuclides in simulating dispersion of 137Cs and 1311 nuclides using Flexpart software
according to the number of simulation particles. The number of simulation particles used in
this study are 100, 1000, 5000, 7500, 10000, 15000, 20000, 25000 and 30000 particles / hour.
Using the image processing software OpenCV to evaluate the uncertainties of simulated
results according to the number of simulated particles used. Evaluation results show that the
simulated results are acceptable with the number of simulated particles being of 20000
particles/hour.

Keyword : FLEXPART, uncertainty, simulation particle, OpenCV

EDDDDparucleshour - 25000 particles/hour 30000 particles/hour

Uncertaintiesin the calculation results of simulating the dispersion of Cs137 radionudide in the Fukushima
accident at 11 :00 on March 16, 2011 according to the number of simulated particles used




