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This paper presents the determination of the conventional true values
of dose rates (i.e., ambient dose rate - H*, personal dose rate - H,) in
the gamma reference field of a *3’Cs source at the Military Institute of
Chemical and Environmental Engineering. The conventional true
values of H*, H'p were determined at various distances from the source
center by three different approaches (i.e., by Monte Carlo simulations
using MCNP6 code, theoretical calculations based on the 37Cs
source activity, and measurements using a calibrated ion chamber).
The values of H* and H, obtained from these three approaches show
the difference within 12% with the uncertainties within 13%. The
establishment of this gamma reference field was complied with the
international criteria 1SO 4037.
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Bai bao nay trinh bay viéc xac dinh gia tri thuc quy wdc cua cac dai
luong suat liéu (sudt lidu moi truong - H*, suat liéu ca nhan - Hy,)
trong trudng birc xa gamma cua ngudn 37Cs tai Vién Hoéa hoc Moi
truong Quan sy. Cac gia tri H*, H, dugc xac dinh tai cic khoang
céch khac nhau tir nguon buc xa thong qua 03 phuong phép (mé
phong Monte Carlo sir dung MCNP6, tinh toan ly thuyét tir hoat do
phéng xa cia ngudn *37Cs, va do dac thuc nghiém sir dung budng ion
hoa chuan cap I1). Gia tri H* va H, nhan dugc bsi ba phuong phap
nay co su sai khac trong vong 12% véi d6 khong ddm béao do ti€u
chuan trong khoang 13%. Qua trinh thi€t lap truong chuan lieu buc
Xa gamma nay tuan thu theo bé tiéu chuan quoc té 1SO 4037.
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1. Giéi thiéu

Trudng chuan liéu buc xa gamma caa ngudn 137Cs thuong duoc thiét 1ap phuc vu myc dich
khac nhau (hiéu chuan céc thiét b do liéu an toan bic xa [1], higu chuan céc thiét bi do licu birc
Xa moi trudng [2],...). CO thé diém qua mot sb hoat dong lién quan trong ‘nhiing ndm gan day
nhu sau: (i) viéc hiéu chun thiét bi do 1iéu an toan biic xa trong truong chuin gamma cua nguon
137Cs (tai phong chuan cip 11 caa Sudan) duoc tong hop va dang tai trong cdng b6 nam 2010 [3];
(i) nhém tac gia Trung Québc da nghién ctru va thiét 1ap mot trudng chuan gamma caa ngudn
137Cs trong mot khong gian nho (kich thuge: 1.0 m x 1.0 m x 1.0 m), phuc vu muc dich hiéu
chuan liéu ké ca nhan [4]; va (iii) ndm 2019, trong luan vin thac sy ciia D. C. Vargas, tac gia da
dé cap dén cong tac hiéu chuan thiét bi do liéu an toan buc xa (tai mot phong chuan cap 11 cua
Tay Ban Nha) va xay dung mot phan mém may tinh phuc vu muc dich ban tu dong hda cong tac
hiéu chuan [5]. T6 chirc tiéu chuan quédc té (ISO) ciing da xuat ban b tiéu chuan lién quan dén
viéc thiét lap trudong chuan gamma phuc vu cac muc dich nay [6]-[8].

Trong nghién ciu nay, gia tri thuc quy wéc cua dai lugng suét liéu (suat liéu méi truong (H*)
va sut lidu ca nhan (H,) [9]) trong trudng chuan gamma cua ngudn **”Cs (tai Vién Hoa hoc Moi
truong Quan sy - VHHMTQS, thudce Binh chiing Héa hoc — Bo Québc phong) dugc xac dinh bang
ba phuong phéap khac nhau: (i) su dung md phong Monte Carlo, (ii) tinh toan ly thuyet (thong qua
hoat d6 nguon phéng xa), va (iii) do dac thuc nghiém (st dung budng ion héa chuan cap I1). Céac
két qua tinh toan nay duoc so sanh véi nhau va dbi chiéu véi cac tieu chuan qudc té hién hanh dé
dam bao truong chuan gamma cia nguon *37Cs ¢6 thé duoc sir dung vao cong tac hiéu chuan
thiét bi do liéu gamma cho myc dich an toan buc xa. Do khong dam bao do cua gia tri H* va H,,
cling dugc danh gia va thao luan trong nghién cau nay.

2. Thiét bj va phwong phap nghién céu
2.1. Truwong chudn liéu gamma ciia nguén **'Cs va tinh toan gia tri thuee quy woc

Phong chuén lidu gamma cuaa ngudn *37Cs tai VHHMTQS dugc thiét ké véi kich thugc 700
cm x 610 cm x 380 cm. Céc birc tudng va tran duogc xay dung bang gach dic va db bé tong véi
chiéu day 22 cm, dam bao an toan buc xa déi véi nhan vién birc xa lam viéc xung quanh, suat
liéu méi trudng bén ngoai phong lip dat nguon cé giatri H* <5 uSv.h~t.

Ngudn 37Cs ¢6 chu ky béan rd 30,2 nam, hoat d6 1a 203,5 GBq vao nim 1974 (v6i d6 khong
dam bao do tiéu chuan 1a 12%, dira theo ching chi chuan cua Lién bang Nga cung cp). Cau tric
ciia phong chuan va vi tri lap dat nguon *37Cs c6 thé xem thém & Hinh 1. Nguon *37Cs duoc
chtra trong mot budng chi ¢ bé day thich hop sao cho khi khdng hoat dong suét liéu méi truong
bén ngoai binh chtra c6 gi4 tri nho hon 0,5 xSv. h~t. Binh chira c6 géc mé vira phai dé tao ra
truong chiéu du bao tron thiét bi cAn hiéu chuin, nhung du nho dé giam anh huong cua tan xa [6]
(kich thudc truong chiéu tai vi trll'-céch tam ngué@n 100 cm ¢6 dudng_ﬁnh la 35 cm).
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Hinh 1. Mt chiéu bang ciza phong chudn liéu gamma cuia nguon *37Cs
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Trong nghién ciu ndy, hoat d6 cua nguén3’Cs duoc sir dung dé tinh toan gié tri thuc quy
wdc cua cac dai lugng suat lidu twong tng, T (trong nghién ciu nay, lan luot ky hiéu 1a Hj,; va
H,_¢qy) thong qua biéu thuc (1).

A kgir A.ehd
T 4md2 " 4 a2 ho

M)

Trong do:

A: 12 hoat d6 cua ngudn phong xa tai thoi diém do dac (68x10° Bq vao thang 7 nam 2021);

d: la khoang céch tir tam nguon *37Cs dén diém khao st (don vi tinh theo cm);

he: 12 hé s6 chuyén doi tir suat thong lwong gamma sang dai luong sut lidu T twong ¢ng, tai
gia tri nang lugng 662 keV cua 137Cs (gié tri nay c6 thé lay trong tai liéu tham khao [9], don vi
c6 thé chuyén doi sang cm?. uSv. h™1);

kqir = e7™%: 1a h¢ s6 hiéu chinh sy suy giam caa birc xa gamma tir nguon *37Cs trong khong
khi (gié tri nay nam trong khoang tir 0,96 dén 0,99 khi gia tri d nam trong khoang tir 100 cm dén
400 cm);

w: 1a hé s suy giam tuyén tinh cua birc xa gamma tir nguon *37Cs trong khong khi (don vi
tinh theo cm™, gia tri nay ¢ thé lay tir tai liéu tham khao [10]).

2.2. Hé thiét bi chudn va do dac gia tri thue quy wéc

Trong nghién ctru nay, suat Kerma (K) gay bai truong bic xa ciia ngudn 37Cs tai cac khoang
cach khac nhau dugc do dac bai hé do sir dung td hop mot budng ion héa hinh try véi thé tich
nhay 600 cm?® ctia hdng Thermo (N.E. Technology, model: NE-2575) va mot b do dién Unidos
ciia hdng PTW (model: Webline). Hé sb chuan cia hé do (N = 50 pGy.nC~1) dugc cung cap
boi phong chuan cap 1 cia co quan Nang lugng Nguyén tir quoc té (IAEA), d6 6n dinh cua hé do
ciing dugc kiém tra trong thoi gian dai sir dung (véi sy dao dong trong khoang 2%). Trong qua
trinh do dac K sir dung hé do nay, gia tri do dac (s6 doc dién tich, don vi nC) duoc lay trung binh
cuia 05 lan do, trong do thoi gian cua mdi lan do duoc lya chon sao cho sai s6 théng ké cia mot
lAn do nho hon 1%. Gia tri K (don vi c6 thé chuyén ddi sang pGy. h~1) gy boi truong buc xa
137Cs ¢6 thé duoc xac dinh théng qua sb dién tich do dugc trong mét gio cua hé do (R, don vi 1a
nC.h~1). Méi quan hé nay duoc cho trong biéu thic (2).

K =R.Ng.kpr.kp 2

Trong do:

kpr =%9733'1155+T): 1a hé sé hiéu chinh sé doc cua hé do vé gia tri diéu kién ap suat va
nhiét d6 tiéu chuan, c6 thé xem trong tai liéu tham khao [7]; P: 1a &p suit cua khong khi tai thoi
diém do (don vi la kPa); T: 1a nhiét d¢ tai thoi diém do (don vi la °C);

ky,: 1a hé sb hiéu chinh sb doc cua hé do vé gia tri diéu kién d6 4m chudn (65%), trong nghién
ctu nay k,=1, xem thém trong [7].

Tir gia tri K do dwoc boi hé do nay, chung ta c¢6 thé tinh toan duoc cac dai luong suat licu
tuong Gng C (trong nghién ciru ndy, Ian luot ky hiéu 1a Hj; va H,_;¢) bang cach sir dung hé so
chuyén déi sang céac dai luong liéu tuong tng (h, c6 trong tai liéu tham khao [9]). Mdi quan hé
nay duoc biéu dién théng qua cong thuc (3).

C=K.h (3)

2.3. M6 phéng gia tri thwe quy woc s dung phwong phap Monte Carlo

Trong nghién cau nay, md phong Monte Carlo sir dung phan mém MCNP6 [11] dugc thyc
hién dé tinh toan suat thong luong gamma sinh ra tai cac khoang cach khac nhau trong truong
chuan caa ngudn 137Cs. Theo d6, phd suat théng lwong gamma (phan b cua suét thong luong
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theo niang luong) tai cac khoang cach khac nhau trong truong chuan cua ngudn *37Cs duogc ghi
nhan véi phan giai pho 2 keV (tir ning lugng 0 keV dén 700 keV). Két qua md phong cho ta gia
tri suét thong lugng gamma (¢, (E;), don vi la cm™2.s7) trong timg nhém néng lugng (E;) c6 do
rong 2 keV. Mo phong MCNP6 duoc thuc hién véi sb su kién di 1on sao cho sai s6 thong ké cua
ting gi tri ¢,(E;) un nho hon 1%. Tur gid tri ¢, (E;), ta c0 thé tinh toan cac dai lugng suat licu
twong ung, S (trong nghién ctu nay, lan lugt ky hiéu 1a Hg,,, va H,_g;,) thong qua hé s6 chuyén
doi tir suat thong luong gamma sang suat lidu tuong Gng, he(E;) (gia tri ndy co thé tim thay
trong tai liéu tham khao [9]) va hoat d6 (A) cua nguon *37Cs. Méi quan hé nay duoc biéu dién
théng qua biéu thic (4).

S = [X7%8%" @i (E) . ho(E;) 1A 4

2.4. Tan Xa trong truwong chudn liéu gamma cia nguon 37Cs

Trong nghién ctu ndy, ty s6 (Rsc¢/pir) gilta thanh phan tan xa (déng gop boi cac nang luong
tir 0 keV dén 660 keV) va thanh phan tryc tiép (dong gop cua dinh nang luong 662 keV) dugc
xac dinh theo hai phuwong phap: (i) do dac st dung buong ion hoéa va (ii) tinh toan mé phong
MCNP6.

DE xdc dinh gi tri Rce/pir tai Mot khoang cach bat ky bang do dac st dung budng ion hda, ta
lam nhu sau: (1) do dac gia tri K (ky hiéu 1a Kp;,_;) khi diém hiéu dung ctia budng ion héa duoc
dat trén tia trung tam cua truong chiéu; (2) do dac gia tri K (ky hiéu 12 Ksze—_;c) khi diém hiéu
dung cua budng ion hoa duoc dit tai mat phing vudng goc vai tia trung tdm cua truong chiéu (tai
diém khao sat) nhung & khoang cach nam ngang céch tia trung tam mot khoang bang hai lan ban
kinh cia truong chiéu cong véi do rong viing nira toi ciia truong Xa; (3) tinh todn gia tri Rt /pir
theo cong thuc (5).

_ plC _ Ksee—ic
RSct/Dir - RSct/Dir e (5)
Dir—IC

Gia tri Rgc¢/pir duoc tinh toan dya trén mé phong MCNP6 thong qua cong thic (6). Y nghia

cuia cac tham s ¢ trong cong thire (6) dugc hiéu gidng nhu trong cong thuc (4).
Re. = psim_ _ S5V oiE)ha(ED

Sct/Dir Sct/Dir Yiccen kev Pi(EDho(ED)

(6)

3. Két qua va thao luan

3.1. Phé sudt théng lwong gamma

10°

—— 100 cm
-+ 150 cm
----- 200 cm
== 250 cm

-+ 300 cm

=] 5]

chudn hoa cho hoat dé ngudn 1 Bq
E

Suat théng luong gamma (em™.s)

e
T

UII 012 013 UT4 0‘5 UTG‘ 0.7
Nang lreng gamma (MeV)

Hinh 2. Sudt théng lwong gamma trong trirong chudn cia nguon 37Cs tai mét sé khoang cach khac nhau.
Két qua md phong sir dung MCNP6 duroc chudn hda cho hoat dé nguon *37Cs 1a 1 Bq

Pho suat thong lwong gamma tinh toan bsi MCNP6 tai mot s6 khoang cach khac nhau dugc
cho trong Hinh 2. Tir Hinh 2 cho thay, pho suat thong lugng gamma trong treong chuan cua
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ngudn 37Cs chir yéu xuit hién dinh ning luong 662 keV (dy 1a thanh phan tryc tiép cua truong
chuan) va mot phén it dong gép boi thanh phan tan xa (c6 nang lwong nhé hon 662 keV). Tinh
toan theo cong thirc (6) cho thy: truong chuan gamma caa nguodn *37Cs tai VHHMTQS dap tng
dugc cac yéu cau cua b tiéu chuan 1SO 4037 [6]-[8] (tan xa nho hon 5% thanh phan truc tiép).

3.2. Gia tri thuc quy woc

Gia trj thyc quy uéc cua cac dai luong suat liéu twong mg: dugc tinh toan (Hq;, Hp—cqr) dua
trén hoat d6 ngudn, dwoc do dac (Hj., Hp_Cal) boi budng ion héa, va dugc md phong
(Hsim» Hy—sim) b1 MCNP6 c6 thé thay trong Bang 1. Tir két qua ndy cho thay: ty s6 Hg,;/Hje va
Hgim/ Hj¢ 1an luot ndm trong khoang (1,07 dén 1,10) va (1,08 dén 1,12); ty sb cua H,_cq1/Hy—ic
Va Hy,_sin /Hy— ¢ 1an Iugt ndm trong khoang (0,98 dén 1,01) va (1,07 dén 1,12). Diéu d6 c6 nghia:
c4c gié tri thuc quy wdc cua dai lwong suét lidu dugc tinh todn dya trén hoat d6 ngudn 37Cs hay
md phong bai MCNP6 so véi gia tri do dac bai budng ion hda c6 sy khac nhau trong khoang 7%
dén 12%. Mot cach tong quat, co thé thay su khac nhau nay 1a c6 thé chip nhan dugc vi hoat do cua
ngudn 37Cs c6 d6 khong dam bao do trong khoang 12% (theo chiing chi ngudn).

Trong qua trinh hiéu chuan thiét bi do gamma phuc vu muc dich an toan bic xa, gia tri thuc
quy udc cua dai lugng suat licu do dac bsi budng ion hoa duoc lay lam gia tri chuan (do co gia tri
phu hop Vvéi cac phuong phap danh gia khac trong vong sai so cua hoat do ngudn phong xa,
budng ion héa da duoc hiéu chuan quoc té, c6 do khong dam bao do thap). Gia tri thuc quy woc
cua suat lidu st dung trong hiéu chuan cé thé tinh toan théng qua qua trinh ni suy, tuy nhién cac
gia tri noi suy cua suit liéu thuc quy wdc phai dam bao nam trong giéi han 5% cua quy luat giam
theo binh phuong khoang céch [6], [7].

Bang 1. Gid trj thuc quy wéc cua cdc dai lrong sudt liéu tirong img trong trwong chuan gamma cua nguon
137Cs tgi Vien Hoa hoc M6i trirong Quan su

Gia tri thuc quy wéc cia suit lieu (USv/h)

Khoang cach

(cm) Sudt lieu moi truong Sudt liéu cd nhéin
HZ‘al H;C H;‘im Hp—Cal Hp—IC Hp—Sim

100 6,18E+03 6,13E+03 6,32E+03 6,18E+03 6,13E+03 6,32E+03
150 2,75E+03 2,65E+03 2,80E+03 2,75E+03 2,65E+03 2,80E+03
200 1,54E+03 1,54E+03 1,56E+03 1,54E+03 1,54E+03 1,56E+03
250 9,89E+02 9,71E+02 9,95E+02 9,89E+02 9,71E+02 9,95E+02
300 6,86E+02 6,80E+02 6,88E+02 6,86E+02 6,80E+02 6,88E+02
350 5,04E+02 4,89E+02 5,05E+02 5,04E+02 4,89E+02 5,05E+02
400 3,86E+02 3,81E+02 3,87E+02 3,86E+02 3,81E+02 3,87E+02

3,3, Py khong dam bdo do cua gia tri thuwe quy woc

Bang 2. PG khéng dam bao do tiéu chuan (k=1) ciia cde dai hrong sudt liéu va cac nguon goc gay sai sé

Dai lwong Nguén goc Dj khong dim bio do tiéu chudn, k=I (%)
Hoat d§ A, ching chi 12,0
h 4, cong thirc (1) 40
Khoang cach, d cong thitc (2), (3) 1,0
K gir 3,0
H;,‘al' Hp—Cal 13,0
SO doc, R 1,0
Ny 1,0
kpr cong thire (2) 3,0
h, cong thirc (3) 40
H;C' Hp—lC 52
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Dai lwong Nguon goc D¢ khéong dam bio do tiéu chuin, k=1 (%)
¢;(E;), cong thire (4) 1,0
hg,, cong thirc (4) ang thi 4,0
khac (A, vat liéu, ,,,) cong thirc (4) 12,0
H;‘im' Hp—Sim 1217

Dua trén quy luat din truyén sai sé cua phép do, d6 khong dam bao do cua gié tri thuc quy
udc dbi voi cac dai luong suat liéu chuan duoc tinh toan va liét ké trong Bang 2. Tan xa ciing la
mot nguon gy ra do6 khong dam bao do cua gié tri thuc quy woc. Trong nghién ciu ndy, tan xa
dugc do dac bai budng ion hda, tinh theo cong thic (5), ¢ gia tri nhé hon 5% so véi thanh phan
truc tiép (thoa méan tiéu chuan 1SO 4037 [6]-[8]).

4, Két luan

Truong chuén lidu gamma caa ngudn 37Cs da dwoc thiét lap tai Vién Héa hoc Méi truong
Quan sy tuan thu theo tiéu chuan 1SO 4037. Gia trj thuc quy udc cua cac dai lugng suat lidu dugc
xé4c dinh theo ba phuwong phap khac nhau: (i) do dac bang budng ion hoa chuan, (ii) tinh toan ly
thuyét, va (iii) mo phong boi MCNP6. Sy khéc nhau giira cac dai lugng liéu tuong g dbi vei
cac phuong phap nay nam trong khoang 12% (bang vé6i d6 khong dam bao do tiéu chuan cua hoat
do nguon trong ching chi chuan). Gia tri thuc quy ude duge do dac boi budng ion héa dugc lay
lam gia tri chuan trong qué trinh hi¢u chuan thiét bi (do gia tri nay déng tin cay nhat thong qua
qua trinh phan tich, danh gia cac ngudn géc sai s6). Po khong dam bao do cua cac dai lugng Sut
liéu chuan nam trong khoang 13%, gié tri nay wdc tinh cé thé giam xudng con 5% dbi vai phép
do bai budng ion hoa (néu khong tinh dén d6 khong dam bao do cua hoat do nguén 12%). Su
dong gop cua tan xa c6 thé duoc xem 1a khong dang ké (<5%) trong truong chuan liéu gamma
nay, théa man bg tiéu chuan 1SO 4037. Trudng chuan nay c6 thé dugc dung trong qua trinh hiéu
chuan cc thiét bj do liéu gamma.

Loi cam on
Nghién ctru nay dwoc tai tro bsi Bo Qudc Phong voi ma sb hop dong ciua dé tai la:

2308/2019/HDKHCN. Nghién ctu nay dwoc thuc hién tai Vién Hbéa hoc Moi truong Quan su
dudi su cha quan cua Binh chung Héa hoc.
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