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TRUONG CHUAN LIEU NEUTRON CUA NGUON **°Pu — Be:
THONG SO PO LIEU CUA THANH PHAN TONG CONG
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Tém tit: Nghién ciru ndy trinh bay qud trinh xdc dinh cdc thong sé do liéu cia thanh
phan tong céng trong trwong chudn liéu neutron ciia nguon **°Pu — Be tai Vién Héa hoc
Moi truong Qudn sy (VHHMTOS, thuoc Binh chung Héa hoc — Bo Quéc phong). Céc
thong so do liéu ciia thanh phan tong cong duwoc danh gid thong qua do dac sir dung hé
phé ké cau Bonner va phan mém tach pho neutron thwong mai quoc té FRUIT. Cu thé, cdc
dai lwong sau ddy dwoc do dac, tinh todn: sudt thong lwong neutron todn phé ( thot) sudt
liéu neutron méi truong toan phé (H;,.), nang lwong neutron trung binh todn phé thong
heong (Epop), ning leong neutron trung binh todn phé lieu méi truong (E,.), hé s6
chuyén doi tir thong lwong sang liéu méi truong (h*). Két qua cho thdy, truong chudn liéu
neutron cua ngué‘n 239py — Be (tai VHHMTQS) co thé duwoc sir dung dé hiéu chuan cdc
thiét bi do liéu neutron tai dai sudt liéu méi trweong trung binh (H;,, < 50 uSv/h).

Tir khéa: Ngudn 229PuBe; Thong s do liéu; Lidu méi truong; Théng lwong; Thanh phén téng cong.
1. GIOI THIEU

Cac truong chuén liéu neutron dugc thiét 1ap véi muc dich hiéu chuén céc may do lidu
neutron da va dang dugc nghién ciru, phat trién bai nhiéu nhom nghién ciru trén thé gisi [1-6] va
tai Viét Nam [7-10]. Trong cac nghién ctru nay, hé phd ké cau Bonner (BSS) [11] va phan mém
tach phd neutron thwong mai FRUIT [12] dugc ap dung boi nhiéu nhom nghién ctru trén thé gioi.
Trong mot truong chun liéu neutron bt ky thuong bao gdm ba thanh phan co ban déng gop vao
s6 doc ctia hé do, thiét bi do: (i) thanh phan truc tiép, 1a thanh phan khi di dén dau do ma khong
tuong tac voi bat ky d6i tuong nao khac (day 1a thanh phan ban chat nguyén khai cia nguén
phong xa, thanh phan nay gan nhu khong thé ton tai doc 1ap trong thyc té, thuong dugc tinh toan
sau qua trinh do dac thuc nghiém); (ii) thanh phan tan xa, 1a thanh phan khi di dén dau do da
tham gia tuong tic v4i cac vat chat xung quanh (thanh phan nay ciing thuong dugc tinh toan sau
qué trinh do dac thuc nghiém); va (iii) thanh phan téng cong cua truong neutron (13 tong cua hai
thanh phan ké trén, thudng dugc do dac truc tiép trong qua trinh thuc nghiém).

Trong nghién ctru ndy, thanh phan tong cong cua truong chudn lidu neutron sir dung ngudn
239py — Be dugc xac dinh cac dic trung do liéu tai ndm khoang cach (cach ngudn neutron tir
1000 mm dén 3000 mm, véi budc chay 500 mm) cu thé sau: suat théng lugng neutron toan phé
(Do), sudt lidu neutron mdi trudong toan phd (H;,,), nang lugng neutron trung bmh toan pho
thong luong Ey o, nang lugng neutron trung binh toan pho lidu moéi truong E, oy, hé sb chuyén dbi
tir thong lugng sang liéu moi trudong (h*). Cac thong sb do lidu nay duoc xac dinh dua trén do
dac sir dung hé BSS va phian mém tich phd neutron FRUIT. Trudng chuin lidu neutron tai
VHHMTQS duoc thiét 1ap nhiam dap wng nhu cau hiéu chuin cac thiét bi do neutron tai Viét
Nam, day 1a co quan thtr hai tai Viét Nam thiét lap thanh cong trudng chuan lidu neutron va la
trudng chuan neutron duy nhat tai Viét Nam (tinh dén nay) s dung nguon 23°Pu — Be.

2. THIET BI VA PHUONG PHAP THU'C NGHIEM

2.1. Phong chuén va ngudn neutron **°Pu — Be

Phong chudn liéu neutron cia VHHMTQS duoc lip dit ngudn 23°Pu — Be c6 hiéu suit phat
neutron 1a 4.6x10° s~! vao nim 1981 (véi d6 khong dam bao do tiéu chuén 1a 8%, d0 tin cay
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68%), v6i chu ky ban rd 2.41x10* nam, hiéu suat phat neutron ciia nguén dugc xem nhu khong
thay ddi trong thoi gian sir dung. Ngudn neutron 2**Pu — Be ¢6 dang hinh tru véi duong kinh 29
mm va chiéu cao 33 mm duoc lap dit tai d6 cao 1500 mm, cach birc trdng phia sau 1500 mm va
cach déu hai birc tuong bén canh. Khoang cach khao sat cac thong sé do lidu cua truong chudn
neutron nam trong khoang cach ngudn tir 1000 mm dén 3000 mm. Kich thuéc (theo mm) cua
phong lap dat nguon dugc chi ra trén hinh 1. Phong lp dit ngudn neutron c6 mot ting voi bé day
clia cic buc tudng xung quanh 1a 220 mm duoc xdy bang gach dic (dam bao an toan dbi véi
nhan vién birc xa 1am viéc xung quanh, suét lidu mdi trudng cao nhat bén ngoai phong lip dit
ngudn co gia tri H* <5 uSv.h~ 1)
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Hinh 1. Mat chiéu bcing cua phong chudn liéu neutron tai Vién Héa hoc Méi truong Quan su,
kich thuoc ghi trén hinh vé c6 don vi la mm.

2.2. Hé phd ké ciu Bonner

Hé phé ké BSS duoc trang bi tai VHHMTQS bao gém mot diu do neutron nhiét °Lil (Ew) (ky
hiéu 1a “bare” trong hinh 2) va sau qua cau lam cham sir dung vat liéu polyethylene mét d6 cao
(khi lugng riéng, o=1g.cm ~3) voi duong kinh lan luot 14 2, 3, 5, 8, 10, va 12 inch. Nhu mot
yéu cau clia qué trinh hoat dong, d4p tmg thong lugng theo ning lugng ciia cac qua cau BSS trén
mot don vi thong lugng neutron t6i (thuong dugc goi 1a ham dap Gng thong lugng neutron clia
qué cau BSS, c6 don vi 1a cm?) phai dugc xac dinh. Trong nghién ctru nay, ham dap ng thong
luong neutron ciia qua ciu BSS duoc xac dinh bang mé phong MCNP6 [13] va dugc biéu dién
trong hinh 2. Do tin cay ciia ham dap (mg thong lugng neutron déi voi cac qua cau BSS dugc
khing dinh trong mot nghién ciru trudc day ciia nhom tac gia [10] théng qua viée so sanh gia tri
md phong vai cac sb liéu cong bd boi Co quan Nang lugng Nguyén tir qudc té (IAEA) [14].
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(dau do neutron nhiét ®Lil (Ew) (ky hiéu la “bare”), cdc qua cau BSS dge ky hiéu
theo kich thuoc dwong kinh tinh theo inch cua chung) [14].
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2.3. Tach phé neutron

Trong nghién ciru nay, phé thong luong neutron dugce xac dinh tai nam khoang cach khac
nhau (céch nguén tir 100 cm deén 300 cm véi budc ghay 50 cm). Phuong trinh (1) mo ta moi lién
h¢ gilta s0 doc ctia qua cau BSS thtr i (m;) voi pho thong lugng neutron di t6i (¢;) va dap ung
thong lugng cua qua cau BSS dé trong ving nang lugng thi j (Rij, j duoc lya chon la 120 ving
trong khoang ning lugng tir 1072 dén 20 MeV - dya trén cac ving quy dinh trong ICRP 116
[16]). Trong d6, m; c6 dugc thong qua thi nghiém, don vi thuong la s6 dém trén gidy (cps), gia
tri cia m; dugc do dac trong khoang thoi gian thich hgp sao cho sai s6 thong ké cua ching dat
dusi 1%; R;; c6 dugc tir mé phong hogc tir cac s ligu cong bd trong cac tai liéu tham khao
(trong nghién ctru nay, day 1a gia tri mo ta trong hinh 2); ¢, 1a pho thong lugng neutron, sy phu
thuoc cta thong lugng neutron theo néng lugng neutron téi (E;) can phai tim (dang viét day du
la: @, (E;)). Trong nghién ctiu ndy, ¢,(E;) dugc xéc dinh bang phan mém tach pho thuong mai
quoc té FRUIT.

n
Z ®i-Rij = my 1)
=1

Phan mém FRUIT duoc phat trién boi Bedogni R., ¢ giao dién than thién v6i nguoi sir dung.
Phuong phap tach pho nay dya trén moi quan hé tuyén tinh, theo phuong trinh (2), gitta pho
thong lwong neutron toan dai va bdn phd khac tai: khoang nhiét (th), khoang trén nhiét (epi),
khoang nhanh (f), va khoang nang lugng cao (h). Trong d6: @, (EJ) 12 pho thong lugng neutron
nhiét (thanh phan dong gop 1a: Pyj,) c6 phan bd Maxell; (pepl-(Ej), or (Ej), On (Ej) 1a phé théng
luong neutron trén nhiét, nhanh va cao voi cac thanh phan dong gop lan luot 1a Pepis P, Pp.
Trong nghién ctru nay, Py, = 0, do d6, phuong trinh (2) c6 thé duoc viét thanh phuong trinh (3)
vai chi 6 “c” mo ta cho céc thanh phan tuong tng con lai (th, epi, f).

@i(E) = Pen.en(Ej) + Pepi-(p;pi(Ej) + Pr.of(E;) + Pn.on(E;) 2
oi(B) = ) Pox oc(5) 3
c=th

Tai mdi khoang cach, tap hop bay sb doc m; (Mot gid tri tir dau do “bare” va sau gid tri tir cc
qua cau BSS) cuing véi bay ham dap tng thong luong tuong tng R;;(E;) (xem hinh 2) duoc str
dung 1am s6 liéu dau vao cho phan mém tach phd FRUIT dé xac dinh phd théng lugng neutron
t6i @;(E;) (c6 don vi 1a: cm=2.s71). Két qua tach phé bai phan mém FRUIT cho ta gia tri phan b
thong lugng neutron ¢; (E;) theo ning lugng téi E; (tir nhiét dén 12 MeV, tily chon cia ngudi sir
dung), véi dinh dang de/dE (don vi la: em™2.s71. MeV1).

2.4. Tinh toin cac thong sb do liéu ciia trwomg chuin neutron

Tu gia tri (pl-(Ej) xéc dinh duoc tir phan mém tach phd FRUIT, céc dai luong do lidu khac cua
thanh phan tong cong trong trudng chuan neutron c6 thé dugc xac dinh theo khuyén céo cua tiéu
chuan 1SO 8529-1 [15], cu thé nhu sau:

1) Téng suit thong lwong neutron trén toan dai phd thong lwong neutron cua thanh phan

tong cong (@ye, don vi la: cm=2.s~1) duoc xé4c dinh theo cdng thirc (4).
f
Dot = ) 9e(E) @)

4 =X . A P /. c=th 5 N A A A \
2) Suat lieu moéi truong gay baéi bic xa neutron cuia thanh phan tong cong trong truong

chuan neutron (H* , don vi ¢6 thé quy ddi vé uSv. h=1) dugc tinh toan theo cong thic (5).
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Trong d6, h¢ 1 h¢ s6 chuyén doi tir thong luong sang lidu moi trwong neutron, hé sb nay
duoc lay tur tai liéu tham khao ciia Co quan An toan birc xa quoc té (ICRP) [16].
f
) foo.
Hip=) =) oo(E)-hi(E) 5)
C=

c=th , \
3) Nang lugng neutron trung binh trén toan pho thong luong neutron caa thanh phan neutron

t6ng cong trong truong chuan (E;., don vi 1a: MeV) ¢ thé dugc tinh toan theo cong thirc
(6).
B, = Z] 1 Zc th‘Pc(E) E;] ©)
Zc th §DC(E )
4) Nang lwong neutron trung binh trén toan phé lidu moi trudng cua thanh phan neutron
téng cong trong trudng chuan (E;,,, don vi la: MeV) c6 thé duoc tinh ton theo cong thirc

().

Y- 1{2(: nl9c(Ey)- he ()] E (7
2 onve(By) - hi(Ey)

5) Hé s6 chuyén doi tir thong lugng neutron sang liéu moi truong cua thanh phan tong cong
trong truong chuan neutron (h*, don vi c6 thé chuyén d6i sang pSv.cm?) cé thé duoc
tinh theo cdng thuc (8).

Etot

e = ot ®)

3. KET QUA VA THAO LUAN
3.1. Pho thong lrgng neutron
Hinh 3 m6 ta phan b suat thong luong neutron theo niang lugng (thuong goi la phd thdng
lugng neutron) tai c&dc khoang cach khac nhau trong trudng chuan neutron cta nguon
239py — Be. Tur hinh 3 ta thiy: Ph théng luong neutron tai khoang céch gan ngubn c6 dinh
nang lugng cao I6n hon (do suy giam theo khoang cach) va dinh néng lugng nhiét thip hon (do
nhiét hoa duoc it hon) so voi phé tai vi tri xa ngudn, phan ning lugng trung binh c6 xu thé khéng

thay dbi nhiéu giira cac khoang cach khac nhau trong phong chuan.
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Hinh 3. Phdn bé sudt théng lwong neutron theo ning lu’ang, tai cac khodng cach khac nhau
trong truong chudn neutron ciia nguon 239py — Be.
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3.2. Thong s6 do lidu ciia thanh ph?ln téng cfng trong truong chuén neutron

Céc thong s6 do lidu cua thanh phan tong cong trong trudng chuan neutron ctia ngudn
239py — Be duoc tinh toan va cho trong bang 1. Tir két qua nay cho thdy: Ning lwong neutron
trung binh E,,, giam tir 2.94 MeV (tai 1000 mm) xudng 0.65 MeV (tai 3000 mm); E,,, giam tir
4.06 MeV (tai 1000 mm) xudng 1.50 MeV (tai 3000 mm) lam cho hé sé h* giam tir 302
pSv.cm? (tai 1000 mm) xudng 173 pSv. cm? (tai 3000 mm). Truong chuan lidu neutron ndy cé
thé dung dé hiéu chuan cac thiét bi do H;,, trong khoang dudi 50 uSv. h~ 1.

Duya trén nguyén 1y dan truyén sai s6, d6 khong dam bao do tiéu chuan (v6i do tin cay 68%)
clia @y, VA H},, dugc udce tinh trong khoang 20% véi sy dong gop tir cac ngudn sai s sau: hiéu
suat phat neutron cua nguén 239py — Be (8%, tir chimg chi nguén) sai s6 thong ké cua qua trinh
do dac (1-2%), sai s6 thong ké cua qua trinh tach phd (3-5%, tir két qua FRUIT), sai s ctia hé so
chuyen dbi tir théng lugng neutron sang liéu moi trudng (4%, tai liéu tham khao [14]), va mot s6
ngudn khac (5%). Voi dai liéu H;,, trong khoang trung binh (< 50 xSv. h~1) thi 6 khong dam
bao do tidu chuan trong khoang 20% la c6 thé chap nhan dugc cho muc dich danh gia an toan
buc xa.

Bing 1. Théng sé do liéu ciia thanh phan tong céng trong trwong chudn neutronciia nguon
239py — Be cling vdi sai so thong ké twong vng (tinh todn tir phan mém FRUIT).

Khoang cich Dot Hio Eor Eo b’
(mm) (em™2.s71) (uSv.h™1) (MeV) (MeV) (pSv.cm?)
1000 41.3+09 449+14 2.94 4.06 302+6
1500 23.7+0.3 21.8+0.3 1.97 3.16 256 + 2
2000 18.0+0.2 151+0.3 1.70 2.98 233+5
2500 15.0+0.2 11.2+0.2 1.27 2.48 208 + 3
3000 11.8+£0.1 74+0.2 0.65 1.50 173+3

Ghi cha: @, Suét thong luong neutron toan phd
H;,.: Suat liéu neutron moi trudng toan phd
E,¢: Nang lugng neutron trung binh toan phd thong lugng
E,,.: Nang lugng neutron trung binh toan phd lidu méi truong
h*: Hé s6 chuyén d6i tir thong luong sang liéu méi truong

4. KET LUAN

Céc thong sb do liéu cua thanh phin téng cong trong truong chudn lidu neutron ciia ngudn
239py — Be (tai Vién Hoa hoc Méi truong Quan su) di dwoc xac dinh dua trén do dac bai hé
pho ké cau Bonner va phan mém tach pho neutron FRUIT. Két qua xéc dinh liéu moi truong doi
Vi birc xa neutron nam trong khoang nho hon 50 ,uSv h~1 (v6i do khong dam bao do tiéu chuén
1a 20%) cho thiy truong chuan liéu neutron nay c6 thé dung cho muc dich higu chudn va danh
gi4 an toan buc xa. Gia tri nang luong trung binh theo phd thong lugng va theo phé licu moi
truong trong trudng chuan neutron nay c6 gia tri bién thién dudi 2.94 MeV va dudi 4.06 MeV
(twong tng vé6i hé sb chuyén ddi tir théng lwong sang lidu méi trudng trong khoang tir 173 dén
302 pSv.cm?, trong khoang cach téi nguon neutron tir 1000 mm dén 3000 mm). Can thiét phai
c6 bién phap lam ting gia tri SUat liéu moi truong cla trudng chuan neutron nay dé cng tac hiéu
chuan thiét bi dugc thuan lgi va c6 thé dwoc thuc hién trong dai rong hon.
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ABSTRACT

NEUTRON CALIBRATION FIELD OF 23°py — Be SOURCE:
DOSIMETRIC QUANTITIES OF THE TOTAL COMPONENT

This paper presents the determination of the dosimetric parameters of the total
component in the neutron calibration field using a >3*?Pu — Be source established at the
Military Institute of Chemical and Environmental Engineering, MICEE (belonging to the
High Command of Chemistry — Ministry of National Defense). The dosimetric parameters
of the total component are evaluated through measurements using the Bonner sphere
spectrometer (BSS) and the international commercial neutron unfolding code (FRUIT).
Specifically, the following quantities are measured and calculated: total neutron fluence
rates @,,,, total neutron ambient dose rates H;,,, neutron fluence-averaged energies Ey,;,
neutron ambient dose-averaged energies E,,., neutron fluence-to-ambient dose
conversion coefficients h*. The experimental results show that the neutron calibration
field of 23°Pu — Be (at MICEE) can be used to calibrate the neutron ambient dose rate
meters within the range H;,, < 50 uSv/h.

Keywords: 23°PuBe source; Dosimetric quantities; Ambient dose; Fluence; Total component.
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