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Bai béo gidi thiéu mot sé két qua ng dyng md hinh todn dé dam bao an toan cho cac nha may dién hat
nhén ngay tir ¢ giai doan thiét k&, ddng thoi dwa ra cic yéu cu phén tich toan dién dbi voi cac phat thai
ngdu nhién c6 thé xay ra boi cac tai nan gia dinh trong qua trinh vén hanh cia nha may. Dleu nay co the
duoc xac dinh boi cac didu kién vé lan truyén va phat tan hat nhan phéng xa trong khi quyén. Bang cac sb
liéu thuc té va sd liéu tai phén tich vé khi tuong 6 khu vuc bién gidi gitra Viét Nam va Trung Qubc, tac gia
da tinh toan va xay dung ban dd khi hau d6i voi mot sb chi tiéu vé diéu kién phat tan hat nhan phong xa; tir
d6 cho phép xac dinh cac vung an toan cho cac nha may dién hat nhan dugc xay dung trong tuong lai & khu
vuc nghién curu.

Tuwr khoa: Pién nguyén tir; mo hinh toan; phat tan phong xa

1. Dt véan dé

Su phat trlen nhanh chéng cua cac nganh cong nghiép, cung v6i sy gia tang mirc song cia ngudi dan
din dén nhu ciu str dung dién ning ngay cang ting. Tuy nhién, ngudn nguyén liéu hoa thach dang ngay
cang can kiét va gia thanh ngay cang cao, da tr¢ thanh van dé 16n khong chi gdy anh huong dén nén kinh
té, ma con anh huong khong nho trong van d& dam bao an ninh nang luong dbi voi mdi quoc gia, dic biét
d01 v6i cac nude dang phat trién. Do d0, de dam béo cho sy phat trién ngudn nang luong bén vitng va dap

mg nhu cau sir dung dién nang cho phat trién kinh té - xa hoi trong diéu kién bién ddi khi hau, thi viéc tim
k1em nguon nang luong méi thay thé nang lugng truyén thong (nang lugng hoa thach, thuy dién) 1a doi hoi
cép thiét d01 v6i mdi qudc gia. Pién nguyén tir [a mot trong cac nguon nang luong hiéu qua, gop phan dam
béo nhu ciu ning lwong ciia con ngudi trong twong lai. Hién nay, trén thé gidi co khoang 30 quéc gia sir
dung ning lwong nguyén tir, véi 195 nha may dién nguyén tir dang hoat dong. Trong nhitng nim cubi thap
ky, tai Chau A, cac nuée Trung Quéc, An D9, Iran, Banglades hién dang bt dau xay dung va phat trién
dién nguyén tir cho lanh thé cua nude minh. Dic biét 1a Trung Qudc, cho dén thang 9 ndm 2016 di c6 35
6 may dién hat nhan dang hoat dong va du kién s& van hanh 100 nha mdy dién hat nhan dén nim 2030.
Trong d6 ¢6 3 nha may dién hat nhan ndm gin v&i bién gidi phia Bic nudce ta di di vao hoat dong va du
kién s& c6 20 nha may tai khu vuc ndy cho dén nim 2030.

Chinh vi thé, vén d& birc thiét hién nay 1a phai nghién ciru xac dinh nhimng ving ¢6 kha nang xay dung
nha méy dién nguyén tir va nhimg ving nao s& chiu anh hudng véi gia thiét tai nan xay ra tai cac nha may
dién nguyén tur trong khu vuc?

Dé tra 101 dugce céu hoi trén, cén phai c6 cac nghién ctru toan dién va khach quan trén co s xem xét day
du cac yéu tb co tac dong truc tiép hodc gian tiép trong qua trinh xdy dyng va van hanh nha mdy dién
nguyén tr. M6 hinh toan hoc hi¢én dugc xem la mot trong s phwong phép dy bdo c6 hi¢u qua ddi voi sy
lru théng khi quyén trén quy mé khu vye. Két qua nghién ctru cia md hinh 13 co s& dé quan 1y rui ro phat
tan cac chit phong xa trong truong hop xay ra tai nan tai cac nha mdy dién hat nhan trong khu vyc lan cin
mién Bic nudc ta.

Bai béo trinh bay viéc sir dung mé hinh tinh toan lan truyén cua phat tan phong xa trong khi quyén theo
khoéng céach tir cac diém phat thai thong qua viée st dung ngudn dit liéu tir cac tram quan tric va dir lidu
tai phan tich (tbc do, hudng gid, may, nhiét dJ), két hop cac médun trong phin mém RiskZone dé phan tich
héau qua phat tan phong xa trong khong khi voi céc tai nan gia dinh tai cac nha may di¢n nguyén tir hi¢n cod
trong khu vire. Tir két qua nhan duge ciia mé hinh, ¢6 thé gop phin xay dung ban dd phat tan phong xa gia
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dinh d6i voi didu kién khi hiu khu vuc Bic Viét Nam va Nam Trung Qudc; tir d6 d& xut cac bién phap
nham gop phan dam bao an toan khi xdy dung va van hanh nha may dién nguyén tir trong khu vuec.

2. Co s6 Iy thuyét va phwong phap nghién ciru . _
2.5. M6 hinh Gauss Pasquill-Gifford vé khuéch tan chat 6 nhiém trong khong khi

Néu dat mot hé truc toa do co truc Oz theo chiéu cao cua cot dng khoi, truc Ox trang theo hudéng glo
thdi, truc Oy vudng goc voi truc Ox trén mat phang nim ngang mat dat thi trong truong hop tong quat vé
su khuéch tan chét 6 nhidm trong mi truong khong khi, tri s trung binh ndng d6 chit 6 nhidm trong méi
truong khong khi C (x, y, z) phan b6 theo thoi gian va khong gian véi thanh phan vecto véan toc gio trung
binh dugc mo ta tir phuong trinh vi phan téng quat sau:
oC oC 6C oC oc_ 0 oc_ 0 oC
— V. V———( )+ K, )+ (K, —) (1)
ot ox z ox Oy oy /4 /4

Vi K, K,, K:1a cac hé $6 khuéch tan rdi theo cac hudng tuong tng véi hé truc.

Trong 16p khong khi ddng nhit, cac thanh phan gi6 c6 van tdc trung binh 1a U ¢ dinh khong phu thudc
vao vi trf toa d§ ngang, bo qua céac lyc xam nhap va bién doi hoa hoc va gia thiét cac 16p bé mat cia bau
khi quyén 14 kin, khéng dé lot ludng khong khi, nhu vy van tdc trung binh theo phuong thing dung trong
toan bd lorp khong khi s& bang khong. Phuong trinh (1) s& dugc don gian hoa hon, néu gia dlnh rang viéc
van chuyén cac tap chét theo hudng gi6 la nhiéu hon so véi chuyén dong r01 (Véi diéu kién toc do gio du
cao U > 2my/s). Nhu vay, khi chiing ta xem xét khu vuc bén ngoai vi tri ngudn thai (x>0) thi phuong trinh
(1) ¢6 thé duoc viét dudi dang don gién hon va thuong dugc str dung trong cac ung dung:

oucC oC oC
=—(K —)+ —(K —) 2
Ox oy oy

Cac diéu kién sau duoc sur dung lam dleu kién bién trong viéc xem xét cac tinh toan vé lan truyén:

_Khix>0 thi jdszCdy=Q;
0 0

- Trong truong hop vo cuc so véi ngudn thai: C — 0khi khi y —> Ho0, z —>400;
oC

- Trong diéu kién c6 sy phan xa trén mit dat: z =0, K. 8_ =0.
iz

Khi d6 phuong trinh (2) v6i cac diéu kién bién nhu trén cung véi cic hé s6 khéng d6i U, K ,o K, co

thé dugc biéu dién dudi dang:

C(x,y,z)= Q exp[— 4 zj{exp(— (Z_h) J+exp(— (Z+hz) j} 3)
27U0 o, 20, 20, 20,

x X ; , .
Trong do O'j = 2Ky —, o = 2KZ — 1la cac hé so khuéch tan ngang va doc ctia chum tap chat. Cac hé
U i U

s6 nay phu thudc vao cip d6 6n dinh ctia khi quyén va khoang cach xudi theo chidu gi6 tir diém phat thai.
Trong lich str, viéc sit dung thay thé dau tién cho phuong trinh (1) dé giai quyét cac bai toan thuc nghiém

thong qua xay dung mé hinh Gauss Pasquill - Gifford, dua trén viéc 4p dung cong thire (3), nhung thay thé

chtre ndng ham 1y thuyét o, ~o0. (x) béng cac phép tinh thyc nghiém [2, 3, 4]. Cac chtrc ning cia ham

nay phu thudc vao cép d6 6n dinh cta khi quyén, dugc phén chia lam 7 mirc do: A, B, C (nhom mirc do
khong on dinh), D ( trung hoa), E, F (nhom mrc d9 6n dinh), G (nhom mtrc d6 khi quyén cuc ki 6n dinh).
Mo hinh Gauss Pasquill - Gifford vé& s khuéch tan trong khi quyén da dwoc ap dung phd bién trong
thuc t& va rong réi trén toan thé gisi vi tinh don gian, chinh x4c va minh bach trong cac két qua nhan dugc
[5-8], dac bit 1a trong cdc tinh toan va sir dung cho cong tac danh gi an toan hat nhan. M6 hinh nay dugc
khuyen cao su dung thuc té trong khoang cach khong qua 30 km tur ngudn thai cua tat ca cac t6 chirc qubc
té, bao gdm T chirc Khi twong Thé gidi, Co quan Ning luong Nguyén tir Qubc té (IAEA), Uy ban Khoa
hoc Lién hop qudc vé Anh hudng ciia Birc xa Nguyén tir (UNSCEAR) T4 chirc Y té Thé gioi (WHO).

2.6. M6 hinh so tinh todn yéu t6 pha loding va ling dong ciia bui phéng xa

Cég: diéu kién lan truyép vég phén tan d6i véi sy phé} thé}i tr mot vu ta@ nan vao khi quyén duoc dég trung
boi yeu to pha loang va yeu to lang dong. Trong d6 yeu to pha loang thé hién gia tri cta tich phan nong d6
hat nhan nguyén tir ¢6 kha nang phan ra phong xa con yéu to lang dong thé hién cuong d¢ lang dong cua
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chung trén bé mit. Theo yéu ciu cia Co quan Ning lwrong Nguyén tir Qudc té (IAEA) [1] d6i véi danh gia
tinh trang phat tan hat nhan phong xa trong céc tai nan dugc gia dinh va udc dinh tai cdc nha may dién hat
nhan cin phai duge thuc hién trong cac diéu kién khi tugng bt lgi nhat ciia khu vire c6 nha may dién hat
nhan. Khai niém vé “Cac diéu kién khi tuong bét loi” trong truong hop nay dwoc hidu khong chi 1a gia tri
néng d6 161 nhét nhan duoc trong toan bo chudi Kkét qua tinh toan, ma la gia tri 16n nhit cia mot mirc 46
dam bao nhit dinh: 95 hodc 99,5% toan b chudi két qua thdng ké tinh toan. Viéc thu thap cac dic tinh
théng ké cta mirc d6 dam bao doi hoi ngudn dit liéu quan tric rit dai (it nhét 14 tir 5 -8 nam véi s lidu quan
trac lién tuc hang gio ddng ho) tai vi tri dat cac nha may dién nguyén tir ngay tir giai doan thiét ké, tuy
nhién, vi mét 6 1i do thuc t& van d& nay chua dugc quan tim ding muc. ‘

Céc thuat toan [8] dudi day thé hién su phu thudc vao thoi gian ddi voi do hoat dong cua thé tich phong

Xa C,(,)’r (x,1) , Bg/m?, phat ra bai hat nhan phong xa r trong khi quyén trén truc ciia duong di chuyén dam
mAy (toa d6 ngang y = 0) & trén 16p bé mit (chiéu cao z = 0) va & khoang cach x dbi voi ngudn diém phat
thai tic thoi:
0 :
CV,r (x7 t) = QO,VGO,r (‘x’ t) (4)
Trong do: Qo - lugng phong thich tirc thoi cla cac hat nhan phong xa r;
Go,(x,t) - 12 yéu t0 pha loang dugc gidi phong tirc thi trong khi quyén, dugc tinh toan theo cong thirc
sau:
2 F.(x) (x=Ut)’ h*(x)

(2 )3/2 Xp[_ 2o 2 ]exp[_ 2o 2 ] (5)

x)z

G('),r (X, Z) =

V6i: h(x) 1a d6 cao ctia trung tim ddm may khi thai ¢én bé mit ciia mit dét tai khoang cach x so voi ngudn
phat thai; U - 1a van tdc gio tai o cao diém phat thai; F(x) - 1a dai luong dac trung cho muc d9 tiéu hao
dam may khi thai cua hat nhan phong xa r tai khoang cach x theo chiéu ngudn gi6 (day 1a mot dai lugng
khong don vi mé ta sy thay ddi sb lugng toan phin cia hat nhan phéng xa r, giam do phan rd phong xa,
ling dong khé va ling dong wét boi cac con mura).

Céc cong thire (4) va (5) dua ra qué trinh bién doi ciia do hoat do thé tich phong xa tai khoang cach x nam
trén quy dao ciia tim dam may khi thai so v&i ngudn thai. Dé danh gia hau qua va anh huong buc xa trong
qua trinh chuyen dong cua nhitng ddm mdy nhu vy (nhu nhiing anh huong truc tiép dén co thé con nguoi,
roi xubng trén bé mit dat hay liéu luong tir birc xa bén ngoai cla cac dam may trude do) cAn thiét phai biét
tich phan thoi gian ctia ndng d6 chat 6 nhidm tai diém tinh toan. Diéu nay c6 thé duoc tinh toan dya trén tich
hop cong thirc (5) theo thoi gian t, va két qua 1a chung ta thu dwoc cac hé thirc trong quan sau:

C,, (= [0,,G,,(x.0dt =0,,G, ,(x) (©)
0

G, (x)= J‘G'or(x, H)dt = £, (%) exp| — 222 Ex) o
! o no o U 207

Voi G, (x)-1a yéu t6 pha lodng, ¢/m?;
h,,, -1a chiéu cao hiéu dung cua diém phat thai.

Cong thirc (6) dua ra cic gia tri 16n nhét c6 thé cua tich phan ndng d6 trong cac diéu kién di cho &
khoéng cach x tinh tir diém phong thich (trén truc quy dao ciia ddm may phat xa). Do d6, dé tinh toan cac
dic tinh ciia kha nang phat tan ciia khi quyén, ching t6i sir dung cac dir liéu ban diu sau:

- Téc d6 gi6 trung binh & ciing mic trong 16p bé mit theo cac phép do tidu chuan tai tram khi tuong;

- Hung gi6 (8 hudng) va ti 18 ¢6 gié theo ting hudng & d6 cao 10m so véi mit dat;

- Hé sb khuéch tan phu thudc khoang cach: Oy, Oz (X).

Cac két qua tinh toan cudi cling s& can thém cac thong s sau:

- Théng s6 vé mirc ¢ nham ctia bé mit.

- Théng s6 vé mirc d6 6n dinh khi quyén Pasquill - Gifford.

Trong d6 cic nhém mtrc d6 6n dinh khi quyén Pasquill - Gifford phy thudc vao cic graddien nhiét do
va van tdc cua gid, ddy 1a nhirng thong s6 khong c6 trong dif liéu tiéu chudn tai cic tram khi tugng ma chi
c6 thé duogc xac dinh théng qua cac phuong phap gian tiép st dung cac ngudn co s¢ dit liéu khi tugng co
san khac (Reanalysis Dataset).

Phuong phéap dé xac dinh cac tham sb sir dung thong tin gian tiép duoc trinh bay trong nghién ctru cia
Bacunenko C.B. va cic cong sy [9], trong d6 cho phép kha ning tinh toan khéi phuc ciu tric theo huéng
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thing dung cua 16p bién khi quyén dwa trén cac dir liéu tai cac tram khi tuong va cac dir liéu tai phén tich
(Reanalysis Dataset) dbi véi cac qua trinh khi quyen (tbc do, huéng gid), nhiét d6 va do a am. Phuong phap
nay co thé dugc st dung dé khéi phuc dir lidu nguodn bi thiéu nham gilp tinh toan cac loai d¢ on dinh khi
quyén Pasquill-Gifford va sau dé dugc sir dung dé tinh toan cac yéu t6 pha lodng/ling dong cho bét ki vi
tri ndo c6 tram quan tréc thoi tiét.

3. Két qua va thao luin

M5 hinh s6 néu trén di dugc 4p dung trong nghién ctru cia Bacunenxo C.B. va cac cong su (2006) [10]
va toan bo cong nghé nay dwoc thyc hién béi phan mém RiskZone chuyén biét da dugc danh gia va chimg
nhan bdi ROSATOM cua Lién bang Nga [13]. Kha nang st dung cong nghé nay cho vung khi hau nhiét
d6i gi6 mua (trong d6 ¢6 Viét Nam va Trung Qudc) ciing dwoc chimg minh trong nghién ctru cia 'aBpuiion
A.C. vacéccong su [11].

Duya trén phuwong phép 16p bién khi quyén, véi cac dit liéu khi twgng thuc té tai cac tram trong khu vuc
nghién ciru (tir vi d6 18°dén 27° Béc, va tir kinh d6 100° &én 115° Pong) ddng b cing Reanalysis Dataset
lay tir dy an “NCEP/DOE Reanalysis 2 (R2)” [14] theo mang luéi diém 1a 2,5°%2,5° ¢6 sin cta Trung tim
du bao moéi truong Qubc gia (M§) trong 11 nam tir 2006 dén 2016 va dya trén viée thdng ké cac két qua
tinh toan do én dinh khi quyén cho khu vuc nghién ciru, cac biéu dd vé tin sudt cua cac loai 6n dinh khi
quyén trong ngay theo mua da dugc xay dung.

Hinh 1 thé hién sy phan bd dic trung cua muc do 6n dinh khi quyén trong khu vuyc tai cac diém quan
sat, lay vi du vao mua dong. Co thé nhan thay rang, do anh hudng cua khi hiu, vao mua dong véi dac diém
thoi tiét c6 ban ngdy ngan, ban dém dai hon va khu vyc nim trong ving chiu tac dong cua gio mua dong béc do
khéi khi lanh di chuyen tir ap cao Xibia vé xich dao gdy gi6 manh; vi vy, chiém vu thé 1a trang thai trung 1ap va 6n
dinh cua bau khi quyén. O diéu kién trang thai khi quyén én dinh (cac mirc E,FvaG)cho thdy qué trinh chuyén
dong r6i dién ra rét yeu (v6i cdc gid tri dédc trung cua xung dong van t6c 120,01 - 0 ,1m/s). Day cling 1a ban
chét cua tic dong 6 nhiém lan truyén xa trong khong khi, khi ddm may chira tap chét phat ra tir mot nguon
thai trong diéu kién khi quyen khu vye cyc ki 6n dinh, khuéch tan réi 13 rit yéu, ddm may chira tap chét s&
duoc gi6 diy ra xa khoi ngudn va sy gidin nd tuyén tinh cia dam may & khoang cach 10-20km so v6i ngudn
1a khong dang ké.
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Hinh 1. Cdc biéu do vé dg Idp lai cac mirc dg 6n dinh khi quyén theo Pasquill-Gifford vao mila dong

ddi v6i khu viee nghién ciru dia trén div liéu cdc tram thoi tiét va div liéu tai phan tich
trong giai doan 2006 - 2016.

Trong bai bao nay, tac gia dwa ra céc chi s dé phan tich hau qua birc xa hat nhan dbi véi cc tai nan
nha may dién hat nhin gia dinh trong khu vuc nghién ciru, dua trén cc két qua tinh toan trong giai doan
2006 -2016. Céc gia tri toi da yéu t pha lodng (theo cong thirc 7) voi mire d6 dam bao 95% dbi voi ngudn
phat thai (cong sudt Qo = 1) chiéu cao xa thai 1a 50 m va khoang cach diém tinh toan dén 30 km so véi

119



ngudn phat thai. Cac két qua nhan duoc the hién ¢ hinh 2.
28 -
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Hinh 2. Ban dé phan viing cho khu vuc nghién ciru dia trén két qua (dwoe nhan véi 109, §/m3) gid tri yéu
10 pha lodng toi da voi mirc dé dam bdo 95% o khodng cdach 5 km so voi nguon thdi

Hinh 2 thé hién sy bién déi khong gian 10 rét dbi véi cac chi so da chon, gia tri cua ching thay ddi tir
10 cho dén 10 s/m*. Dya vao cac két qua tinh toan cac gia tri t6i da cua thanh phin pha loang, ciing 1a
két qué cua viéc phat xa boi cac dac tinh khi hiu, qua d6 xac dinh cac diéu kién lan truyen khuéch tan va
rira troi cac tap chit trong bau khi quyén. Péi v6i khu vyc nghién ciru, cac chi s6 nay thé hién 15 rang ba
khu vyc chinh d6i véi cac yéu to pha loang: Khu vuc 1 - ving ¢6 gia tri yeu t6 pha lodng thdp (mau xam
chi) ; Khu vic 2 - viing ¢ gia tri yéu t6 pha lodng trung binh (tir 2x10- dén 5x1075 s/m?) (mau vang) va
ving c6 gid tri cao (khu vye 3) dugc thé hién boi mau do.

Tur viéc phan vung cac khu vuc, theo y tudng cua tac gia, co thé nhan dang duoc khu vuc 1 13 khu vuc
co thé tién hanh xay dyng cic nha may dién nguyén tir, cac chat 6 nhiém tai khu vyc nay sé khong lan
truyén di xa. P41 véi khu vuc 2 va 3 1a nhitng khu vire ma chét 6 nhidm c6 trong cac dam may dugc thai ra
c6 kha nang khuéch tan va van chuyén ra xa xung quanh. Dic biét 1a khu vuc 3 khong thich hop cho viée
trién khai xdy dung cac nha may dién nguyén tir.

4. Két luan

- Bay 14 nhitng thir nghiém dAu tién v& viée xay dung cac ban dd khi hau chuyén biét cho cac dic diém
phat xa ctia hat nhan phong xa trong truong hop tai nan gia dinh d6i v6i cac nha may dién nguyén tur dugc
xdy dyng khu vuc gin bién gi6i Viét - Trung.

- Theo y tudng cta tac gia, v6i viée su dung cac phuong phap mé hinh sb, ciing céc dit lidu khi twong
va dit liéu tai phan tich sin c6, da phan ving dugc mét sé6 khu vuc thich hgp cho viéc xay dung cac nha
may dién nguyén tu.
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ABSTRACT

Safety zonation for the construction of nuclear power plants near
Vietnam-China border

Nguyen Phuong Dong"”, Nguyen Phuong

!Hanoi University of Mining and Geology

This article presents some results of application of mathematical model to manage risks to ensure safety
for nuclear power plants, even at the design stage, it also provides comprehensive analytical requirements
for incidental emissions that may be caused by accidental assumptions during the operation of the plant. It
can be determined by the conditions of radioactive spread and distribution in the atmosphere. Based on
actual data and re-analysis data about meteorology in the border area between Vietnam and China, the
author has calculated and constructed a climate map for a number of indicators on dispersion conditions.
radioactive nucleus. This will allow for the identification of safe areas for future establishing nuclear power
plants in the research area.

Keywords: nuclear power; mathematical model; radioactive spread
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