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Tém tit: Béo cdo trinh bay cac két qua nghién ctru trong viée thiét ké, ché tao may
do suit twong duong lidu neutron méi trudng bao gdm céc tinh toan mo phong tdi
wu cau hinh khéi 1am cham va thiét ké hé dién tir ghi nhan di kém. Kha ning do dac
suat tuong duong liéu neutron méi truong, H*(10), cua thiét bi do duoc kiém
chung tai phong chuan neutron ctia Vién Khoa hoc va K¥ thuét Hat nhan. Cac két
qua md phong va khao sat cho thiy thiét bi do c6 do nhay cao (2.84 cps/uSv.h™)
voi dai nang luong do dac tur 0.025 eV td1 15 MeV. Thiét bi dugc ché tao c6 dic
trung vé dap ung liéu twong d6i va dép tmg goc thoa man cic yéu cau cia tiéu
chuén qudc té IEC 61005-2014 danh cho cac thiét bi do liéu neutron

T khéa: Mdy do liéu neutron, MCNPS, twong dwong liéu neutron méi trieong
H*(10)

I. GIOI THIEU

Theo khuyén céo cua t6 chirc ICRP (niam 2010) cho muc dich kiém soat méi truong, dai
luong twong duong liéu méi truong H*(10) (Ambient dose equivalent) dugc sir dung nham dénh
gia anh huong cua cac birc xa chiéu ngoai. Viéc kiém soat twong duong lidu méi truong s& cung
cap céac thong tin can thiét cho cic co s¢ tmg dung k¥ thuat hat nhéan trong viéc giam sat, phan
chia cac khu vuc 1am viéc hop ly. Tai Viét Nam, cling voi sy ting cuong st dung cac ngudn
phong xa, dac biét 1a tng dung cua biic xa neutron trong cong nghiép va y té, van dé vé kiém
soat liéu luong d6i voi blic xa neutron ngay cang trd thanh chii & duge quan tam. Cac ngudn
phat neutron duoc str dung tai nudc ta chi yéu la tir cic may gia toc hat ning luong cao, 10
phan ung va cac nguén déng vi phong xa (252Cf, 241Am-Be,..). Viéc do dac, kiém soat liéu
lwong gy bai birc xa neutron khong phai 1a van dé méi nhung né ludn hién dién rat nhiéu kho
khan trong viéc xac dinh chinh xac gia tri lidu thue té [1]. Trong an toan birc xa, cac may do
tuong dwong liéu neutron méi truong thudng duoc sir dung mot cach phd bién do c6 cu hinh
do don gian va dap ung duoc dai do rong tir 0.025 eV tdi MeV [2]. Cac thiét bi ndy dugc ché
tao dua trén cac ky thuat do dac dugc phat trién tur nhiing ndm 1960 [3]. Béng cach su dung
cac hé lam cham bao quanh d4u do neutron nhiét nhim tao ra mot cAu hinh dau do cé dap ting
thong luong (fluence response) twong ty nhu duong chuyén doi liu cho boi ICRP74
(International Commission on Radiological Protection, publication 74) [4]. Cac xu hudng
thiét ké cua cac thiét bi do ngay nay la sir dung thém cac thanh phan hap thu (nhu Boron,
Cadmium) va céc kim loai nang (Pb, Cu,..) nham ting cuong d6 chinh xac cua phép do va mé
rong dai do dua trén nguyén ly cua cac phan ung sinh neutron (n,2n), (n,3n). [5, 6].

bé dap ung nhu cau ngay mot tang lén trong viéc giam sat an toan doi voi buc xa
neutron tai cac co sé ing dung k¥ thuat hat nhéan trong nudc, nghién ctru nay huéng téi muc
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tiéu phat trién mot thiét bi do liéu neutron sir dung éng dém ty 18 *He. Trong nghién ctru nay,
cac tinh toan mo6 phong da duoc thuc hién nham xé4c dinh cdu hinh 1am cham t6i wu cho thiét
bi do. Hé dién tir duoc ché tao véi chire nang xu 1y tin hi¢u va truyén dit liéu téi may tinh
thong qua giao thirc RS-232. Cac dic trung vé do nhay, do tuyén tinh, ddp Gmg goc va kha
ning do dac suit twong duong lidu neutron méi truong da dugc kiém ching bang thuc
nghiém tai phong chuin neutron cua vién Khoa hoc va K¥ thuat Hat nhan.

II. NOI DUNG
1. Thiét ké cAu hinh khoi dau do

Tuong dwong liéu neutron mdi trudng H*(10) duoc xac dinh boi cong thirc (1):

H'(10) = ) ($(E)- h(EW) (1)
k=1

Trong d6: $(Ey) ( neutron/cm?) 1a thong lugng ctia neutron tai vi tri do, h(Ey) (pSV.CmZ) la hé
s6 chuyén doi tir thong luong sang twong dwong lidu neutron méi truong va duoc cung cip
boi ICRP 74 [7]

Pé ¢ thé xac dinh dugc twong dwong liéu neutron mdi truong, H*(10), ta can phai
xéc dinh cac dai luong bao gom: thong luong neutron téi va hé sé chuyén doi tir thong luong
sang twong duong liéu neutron méi trudng twong tmg véi ning luong ciia buc xa téi. Trong
thyc té, ton tai mot sb phuong phap co thé xac dinh ning luong cua biic xa neutron téi nhur:
TOF (time of flight) hodc st dung cac hé pho ké 16ng nhau. Tuy nhién, cac phuong phap nay
can thoi gian do dai va yéu cau vé hé thong dién tir cing thuat toan tach phd phirc tap. Mot
phuong phap thay thé va duoc ap dung cho hau hét cac thiét bi do twong duong liéu neutron
moi trudong, d6 1a thiét ké cdu hinh dau do dé co6 ham dap ung co dang twong tu nhu ham
chuyén ddi liéu h(E,). Phuong phap nay cho phép xac dinh gia tri cia H*(10) mot cach don
gian qua s6 ¢ém ghi nhan dugc ma khong can phai quan tim t6i nang luong cia birc xa toi.

Gia str rang: M va R(E) 1an luot 13 s6 doc va dap tmg thong luong (fluence response)
cua thiét bj do. Ta c6 thé biéu dién mdi quan hé gitia sb doc cua thiét bi do va thong lugng
cua chum buc xa toi thong qua cong thure (2):

M =) b(E) R(E) @)
k=1
Tu (1), (2) ta co:
H'(10) <O h(EY
M T L R®ED ©)

Trong trudng hop 1y tudng, dap ing thong luong cua thiét bi do c6 dang tuong tw nhu duong
chuyén dbi lidu, khi d6 ty s giira h(Ey) va R(Ey) 1a mot hang sb.

> h(Ey)

=t R(Ey)

=c (c1a hdng sd) (4)

Va do do:



H*(10) = c¢.M (5)

Dé dat dugc ciu hinh dau do theo nguyén 1y néu trén, cac tinh toan md phong duoc
thyc hién nhdm danh gia dap Gng thong luong cua éng dém ty 16 *He véi cac cu hinh lam
cham khéc nhau st dung chuong trinh MCNP5 [8]. M6 hinh tinh toan dugc thuc hién voéi dau
do hinh try c6 kich thudc 15 x 2.54 (cm) do hang Centronics (UK) ché tao. Bén trong chira
khi *He v6i ap sudt khi 1a 2 atm, twong tng v&i 5.02 x 10" nguyéntir/em® tai nhiét d6 phong.
V6 Cathode ctia ong dém duoc cdu thanh tir thép khong gi (loai stl.304), c6 bé day 1a Imm.
Céu tric cua 6ng dém dugc mo ta trong hinh 1. Ngudn phat sir dung trong mé phong c6 dang
hinh chit nhat, phat ra btic xa neutron don niang véi dai nang lugng phan b trong khoang tir 0
tGi 15 MeV theo khuyén cao ciia IEC 61005-2014 [9]. Kich thudc cta ngudn s& dugc dicu
chinh dé c6 dién tich béng véi kich thude cua khdi 1am cham. Thu vién tiét dién st dung
trong MCNP5 13 ENDF/B-VI. Dé giam sai sd va thoi gian tinh toan, cac ky thuat giam
phuong sai ciing da duogc ap dung.

551¢t.1
(140)
h I4(‘I(J Centronics
F?ﬁd] *He proportional counter Anode

| \

| (150) |

Hinh 1. CAu truc cta dng dém ty 16 *He

Gia st rang: SO phan tng 3He(n,p)t ghi nhén trong viing hoat cta dau do 13 twong quan véi s6
doc M cua thiét bi do. Khi d6 ta c6 thé udce luong duoc gia tri cua dap ung thong lugng theo
sO phan mg (n,p) sinh ra trong dau do (N) theo cong thuc (6):

R(E,) = —— 6
W= ED ©)

Trong MCNP5, két qua cua tally F4 cho phép xéac dinh thong luong cta neutron trong ving
hoat cua dau do, d; (cm™), theo cong thire (7). S6 phan tmg (n,p) sinh ra s& dugc tinh toan
thong qua cong thic (8):

K
1
?; = WZ he(E;) ™)

N = Z ;. Nyge. V. 0 () @)
j

Vi Iy 1a chidu dai duong di cia hat (cm) va V 1a thé tich ving hoat (cm®) va K 14 hé sb twong
quan, nye la mét do He trong 6ng dém (cm'3 ), Vla thé tich vung hoat ctia 6ng dém (cm3),
onp(Ej) la tiét dién tuong tac cua phan tng *He(n,p)t tai ning lwong E;



Nhu vdy, dap ung thong lugng cta dau do d6i v6i chum neutron t6i ¢ ning luong trung binh
Ex s€ dugc xac dinh bdi cong thire (9) nhu sau:

R(E,) = Z ®;. a5. nge. V. 0y (E;) 9
j

Trong d6: R(Ey) 1a dap Gmg thong luong cia ddu do tai ning lugng Ey (cm?), ag 1a dién tich
mat ngudn neutron (cm?)

Két qua md phong tdi wu thu dugc v6i cdu hinh khdi ddu do duge mé ta trong hinh 2.
Hé do c6 kich thude 1a 20.5 x 24.5 cm, bao gdm 2 16p polyethylene mat do cao duoc bb tri
bén trong va ngoai, c6 bé day lan luot 1a 6 cm va 2.7 cm, & gitra 1a 16p Cadmium c6 bé day 3
mm. Dé ting cudng dai do tai ving neutron nhiét, 16p Cd duoc ap dung k§ thuat duc 16 véi
dién tich mo bang 10% dién tich dau do va dwoc b tri tai 3 vi tri cach déu nhau nhdm cai
thién dap g goc cua thiét bi do. Cac két qua mé phong thu duge trong viée khao sat dap ung
thong luong (fluence response) va dap tmg lidu tuvong dbi (Relative H*(10) response) duogc
biéu dién trong hinh 3, 4.
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Hinh 2: CAu hinh khéi dau do

Thiét bi do c6 dic trung vé dap tng thong luong c6 dang twong tu nhu dudng chuyén déi lidu
cho boi ICRP74. Pap tmg lidu twrong dbi (chuin hoa tai **' Am-Be) c6 gia tri (1(E)):
0.24 <r(E)<5.3, Trong dai nang lugng: 0.025 eV <E < 50 keV



0.64 <r(E)<1.5, Trong dai ning lugng: 50 keV <E <10 MeV

0.40r(E)<0.7, Trong dai nang lugng trén 10MeV
Sy thing giang cua dap tng lidu twong ddi (chudn hoa tai Am-Be) thoa man yéu cau cia tiéu
chuan quéc té IEC 61005-2014 vé d6 1éch cho phép ciia cac thiét bi do tai cac dai nang luong
khac nhau. Cac két qua mo phong nay s& dugc kiém ching bang thyc nghiém tai phong chuan
liéu neutron.

2. Thiét ké hé dién tir

Céc thiét bi do neutron thudng sir dung éng dém ty 16 *He do ching c6 do nhay cao va
kha ning phan biét neutron-gamma tét. Trong qué trinh ghi do, cic birc xa gamma tuong tac
v6i vo cathode ctia dau do co thé tao ra cac dién tich tham gia vao qua trinh ion hoa khi cua
6ng dém, tao thanh mot tin hiéu cé bién dd nho tai 16i ra. Céc tin hiéu sinh ra béi birc xa
gamma va nhiéu dién tr can phai duoc loai trir. Tuy nhién, viéc cit ngudng qué cao s& lam
giam hiéu suat ghi cta thiét bi do va lam thay doi dang cua duong cong dap tmg. Trong
nghién ctru nay, khéi dién tir duoc thiét ké tich hop mot MCA (1024 kénh) va mot SCA cho
phép loai trir hau hét tin hiéu gamma va nhidu ma van duy tri dugc hiéu suat ghi nhan ddi véi
brc xa neutron. Hinh 5 mé ta so d6 khéi va hinh anh cta hé dién tr d3 duge ché tao.

R J\
He i i
LS Pre-Amp —>| Pulse shaper Peak sensing ADC (10 bit)
counter
Discriminator - Counter
High voltage (900 V) uL LL
/]\ 12C

DAC (10 bit) K

MCU
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ISOLATED v =f...
|| DC-DC CO

Hinh 5. So dd khéi va hinh anh cta hé dién tt d3 duoc ché tao

Cac thanh phﬁn chinh cua thiét bi do bao gém: cao thé, tién khuéch dai, khdi hinh thanh xung,
MCA (1024 kénh) va SCA. Trong do, tién khuéch dai c6 hé s6 khuéch dai 1a 1400 mV/pC,
dugc ché tao dua trén k¥ thuat hybrid cho phép ting cudng toc do ghi nhan va xir 1y tin hiéu.
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Khéi hinh thanh xung ¢6 nhiém vu khuéch dai va hinh thanh xung véi bién d6 15i ra co gia tri
tr 0-5V. Céac xung nay sau do sé duoc dua vao MCA va SCA. H¢ do st dung mot MCA don
gian voi chirc ning ADC cua vi diéu khién pic16F877A. Chirc ning MCA cuia hé do dong vai
tro nhu mot thanh phan phu dugc sir dung dé khao sat phd ning lugng cta phan tmg (n, p) va
xéac dinh ngudng cat cho SCA. Céc gia tri ngudng ndy s& duoc thiét lap théng qua viée diéu
khién mot DAC-10bit (MCP4912). Hinh 6 1a phd ning luong dic trung cua phan ung bét
*He(n,p)t ghi nhan duoc khi chiéu v6i ngudn **' Am-Be.

1200
i Full peak
1000 5 (764 keV)
0
800{ & 5
-5 | g 5T d
riton edge
86907 &  °| (191kev)
proton edge
(573 keV)

200 300 500
Kénh

Hinh 6. Phd ning lugng dic trung cua phan tng bt *He(n,p)t

Dé loai trir cac dong gop ciia gamma va nhiu trong sé dém téng. Ngudng thip cia bo SCA
sé duoc lya chon gﬁn dinh thoat cia proton sao cho hé théng ghi nhan co6 thé loai trir hau hét
cac birc xa gamma & suat lidu 10mSv/h tai ning lugng 661 keV cua *'Cs

III. KET QUA THU'C NGHIEM

Nhim kiém chimg két qua mé phong ciing nhu khéao sat do nhay va dap Gmg goc cua hé
do, cac phép do duoc tién hanh tai phong chuan neutron ciia Vién Khoa hoc va K¥ thuat Hat
nhan. Hé do duoc chiéu chudn véi ngudn **' Am-Be ¢6 ning luong trung binh 1a 4.2 MeV va
thong lugng ban dau 13 1.299 x 107 n/s véi d6 1éch chudn 26 1a 2.9% (dugc xac dinh vao
thang 1/2015).

Hinh 7. B4 tri thi nghiém tai phong chuin neutron vién KH&KT hat nhin



- Do tuyén tinh cia thiét bi do

Cac phép do dugc thuc hién tai khoang cach 80 cm, 100 cm, 150 cm va 200 cm nham
danh gia d6 tuyén tinh cua thiét bi do trong dai lidu tir 50 uSv/h t6i 300 pSv/h. Hinh 8 1a db
thi biéu dién mdi quan hé giita téc 46 dém ma thiét bi ghi nhan duoc va tuong duong lidu moi
truong tai vi tri khao sat. Cac két qua cho thiy hé do c6 do nhay cao (2.84 cps/uSv.h™) va do
tuyén tinh tdt trong toan dai do.
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Hinh 8. Mbi lién hé giita tbc d6 dém va twong duong licu méi truong - H*(10).

Pap ung thong luong duoc xac dinh bai ti s6 gitta toe d6 dém va thong lugng neutron
t61. Thuc nghiém xac dinh dap Gmg thong luong ciia hé do véi ngudn **' Am-Be c6 do 1éch 1a
5.3 % so voi két qua mo phong (xem bang 1). Sy twong khop gitra két qua mé phong va thuc
nghiém minh ching cho d6 tin cdy cta mo hinh mé phong va s liéu tinh toan dua ra trong
phan IL.

Bang 1. So sanh két qua mo phong dap tmg thong lugng va két qua do thuc nghiém véi
nguén ' Am-Be

Ngudn Pap g thong hrgng(cm®) | Pap ting thong lwgng (cm?)
neutron (MCNPS) (Po thuc nghiém)
*'Am-Be 3.6+0.07 3.42£0.11

- Dap rng goc cia hé do

Pap tng goc cua hé do dwoc khao sat voi ngudn **' Am-Be tai vi tri cach ngudn 150 cm.
Céc két qua cho thiy, dap Gmg goc ciia thiét bi do trong khoang tir 0°-180° ¢6 d6 1éch nho hon
20% so véi goc chiéu tai 90° ( xem bang 2). Két qua nay théoa man tiéu chuan IEC 61005-
2014 vé& d6 léch cho phép ddi véi dap ung goc cua cac thiét bi do twong duwong lidu neutron
moi thuong.



Béng 2. Pap tmg goc cua thiét bi do

Goc H*(10) bap g goc
(do) (uSv/h) twong doi
(chuan héa tai 90°)

0° 67.67 0.81

30° 70.04 0.83

60° 78.98 0.94

90° 84.21 1
1200 7699 091 Hinh 8. Pap tmg goc ctia hé do v6i ngudn
150 70.42 0.84 241 1 Be
180° 70.11 0.83

- Kha niing 1am viéc ciia thiét bi do trong cac trwdong neutron gia 1ap thye té

Trong trudng bic xa thyc té, neutron thuong cd phan bd ning lugng phirc tap. Viéc
khao sat thiét bi do véi cac truong bién diéu cua **' Am-Be sir dung cac khdi lam chdm co
duong kinh 20cm, 25cm, 30cm, 35cm, cho phép danh gia kha ning lam viéc cua thiét bi do
trong truong thuc té. Cac két qua ghi nhan boi thiét bi do s& dugc so sanh véi suat liéu chuan
do phong chuan cung cip va két qua ghi nhan boi thiét bi Aloka TPS-451C trén ciing mot ciu
hinh do. Bang 3 trinh bay céac két qua do ghi nhan dugc.

Hau hét cac két qua do déu cho sai s6 nho hon 12% so véi gi trj lidu chuan. Cac két qua
nay ciing twong tw nhu két qua ghi nhan boi hé Aloka TPS-451C do hing Hitachi (Nhat Ban)
ché tao.

Bang 3. Két qua do dac twong duong liéu neutron mdi truong tai mot sd trudong bién dicu
cta **' Am-Be

; hodng Sudt ;iéu SufﬁiF lidudoc | Polech ng:f&i‘ ;}I’,Z“
Ngudn neutron , phat boi TB do tuong doi
cach (cm) o 451C
(uSv/h) (uSv/h) (%) (uSv/h)
80 131.6 144.29 9.6 1432
2! Am-Be véi 100 88.2 96.61 9.5 95.1
20cm PE 150 434 4830 113 46.9
200 28.6 31.08 8.7 30.5
80 1083 112.25 3.6 112.9
2! Am-Be véi 100 71.6 7491 4.6 75.1
25cm PE 150 35.6 37.95 6.6 37
200 23.0 2474 7.6 23.9
80 83.5 85.91 2.9 84.8
2 Am-Be véi 100 55.0 55.92 1.7 57.2
30cm PE 150 274 29.17 6.4 28.8
200 17.8 18.74 53 19
80 64.8 64.58 0.3 65.3
2! Am-Be véi 100 43.6 43.43 0.4 43.6
35¢cm PE 150 21.3 2191 2.8 22.8
200 13.8 14.39 43 13.9




IV. KET LUAN

Bai bao trinh bay cac két qua nghién ciru trong viéc ché tao thiét bi do twong dwong

liéu neutron. Hé do dugc ché tao ¢ kich thude 20.5 x 24.5 cm véi trong luong nhé hon 6 kg,
céu hinh hé do dugc tinh toan tdi uu dua trén cac két qua md phong st dung chuong trinh
MCNP5. Thiét bi do c6 d6 nhay 1 2.84 cps/uSv.h™ va c6 dap ung thong luong tudn theo
khuyén céo ciia ICRP74. Su thing giang cua dap mg liéu twong d6i (chuan hoa tai Am-Be)
va dap ung goc theo niang luong cla buc xa tdi nam trong pham vi cho phép cua tiéu chuan
IEC 61005-2014 danh cho céc thiét bi do twong dwong li¢u neutron.
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STUDY ON DESIGN AND CONSTRUCTION OF
NEUTRON SURVEY METER

Mai Van Dien’, Nguyen Duc Tuan, Nguyen Ngoc Quynh
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Email: maivandien.inst@gmail.com

Abstract: The paper presents the design of a neutron area monitoring system using
the *He proportional counter. In this study, the simulations were performed to evaluate
the fluence response of the *He proportional counter with various moderator configurations
by using MCNPS5 code. The design of the electronic system is also introduced. The self-
developed instrument was conducted through experimental measurements in the
neutron calibration laboratory of Institute for Nuclear Science and Technology. The
instrument has a high sensitivity (2.84 cps/uSv.h™) and good performance in the
workplace. The results of relative H*(10) response and angular response over the
whole range of energies meet the requirements of the international standard IEC61005-
2014.

Keywords: Neutron survey meter, Ambient dose equivalent, MCNP5
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