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TINH TOAN THONG LUQNG NEUTRON TRONG
LO PHAN UNG HAT NHAN PA LAT VOI CAU HINH
NHIEN LIEU MOI SU DUNG CHUONG TRINH
MO PHONG MONTE CARLO CODE MCNP4C2

Nguyén Duy Sangl
ABSTRACT

The Dalat reactor is a pool-type research reactor, which uses water as the coolant and
the moderator. The present working configuration of the reactor core includes 104 fuel
elements: 98 fuel HEU (Highly enriched uranium) with the enrichment of 235U of 36%
and 6 fuel LEU (Low-enriched uranium) with the enrichment of 235U of 19,75%. The
neutron flux charateristics of the Dalat reactor such as energy spectra, absolute neutron
flux and neutron flux distribution along an irradiation channel were caculated by using
Monte Carlo Code MCNP4C2. The reactor core configuration was modeled following the
real one realistically. All computations were done on a personal computer with the
running time about 7 days for every case.
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Title: Calculation of neutron flux characteristics of Da Lat reactor working with the
new fuel elements using code MCNP4C2

TOM TAT

Lo hat nhan Da Lat la logi lo phan wng nghién cuu lam viéc bcfng neutron nhiét dung
nuéce lam chat lam cham va tai nhiét. Céu hinh vung hoat hién tai bao g5m 104 thanh
nhién liéu trong do 98 bo HEU voi do giau 235U la 36% va 6 bo LEU voi do giau 235U
la 19,75%. Cdc thudc tinh thong heong neutron trong 16 Pa Lat nhw phé nang hrong,
théng heong neutron va phdn bé théng lwong neutron doc kénh chiéu xa dwoc tinh todn
mé phong véi chirong trinh Monte Carlo MCNP4C2. Cau hinh viing hoat ciia 16 trong mé
phong la twong tw nhw cdu hinh thiee. Cdc két qua tinh todn dwoc thuwe hién trén mdy tinh
cd nhdn vai thoi gian khodng 7 ngay.

Tir khéa: Ciu hinh hoat dpng, thong lwong neutron, Lo hat nhin Da Lat, chwong

trinh MCNP4C2

1 PAT VAN PE

Lo phan tng hat nhan Pa Lat dugc khoi phuc va mé rong tir dang 10 TRIGA-
MARK II dudi sy trg gitp cta Lién X6 cii sau d6 dugc mé rong tir cong suét 250
kW [én 500 kW va da dugc chinh thitc dua vao van hanh khai thac tir ngay
20/03/1984. Sau khi hoat dong lai, c6 rat nhiéu nghién ciru vé 10, dic biét 1a cac
nghién ciru vé cac thong s tinh va dong hoc 10, thiy nhiét rat soi dong da mang lai
nhiéu két qua thi vi. Bén canh cac hudng nghién ctru ndy, cic nghién ctru thuc
nghiém va 1y thuyét nhim khai thac hiéu qua cua 16 ciing séi ndi khong kém.
Trong cac phuong phap 1y thuyét hién nay, ngu(‘)’i ta quan tim dén phuong phap
md phong boi vi phuong phap nay cho phép giai cac bai toan vat ly phuc tap bang
cach tinh toan tir nhitng tham sd roi rac ngau nhién st dung bang may vi tinh mot
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cach don gian va chinh xac. Pa c6 nhitng moé phong cho tinh toan 16 phan ing Pa
Lat v6i cdu hinh cii (104 bo nhién liéu HEU). Tuy nhién, ngay 12/09/2007, 16 tai
nap nhién liéu voi cau hinh méi dua vao thanh nhién liéu LEU d6 giau dudi 20%
yéu ciu can tinh toan lai cac thong sb cta 16 nhu gi tri théng lugng neutron nhiét,
hé sd léch phéa , nang luong Er. Tu Kkét qua tinh toan danh gia lai hiéu qua lam
viéc khi thay ddi cac thong sé cua 10.

2 GIAI QUYET VAN PE

Dé tinh toan cac thong so, trudc hét ta can hiéu rd cau tric thuc té ctia 10 phan tng
hat nhan Pa Lat'.

2.1 CAu tric 10 phan @ng hat nhin Pa Lat

Vung hoat ¢6 dang hinh try dat vao trong vanh phan xa va gan lién v6i mot giéng
ht cao 2,0 m, duong kinh 0,5 m. Giéng hut dugc treo trén day ctia mét gia do cao
3,0 m, duong kinh 2,0 m.

Hinh 1: So' dd mit cit dirng ciia 16 phan Gng hat nhan Pa Lat

1- Vung hoat ) 2- Vanh phan xa graphite 3- Giéng hat
4- Céc 6ng dan nude cua hé thong lam ngudi vong 1 5- Tudng bé tong bao vé

6- Kénh thyc nghiém nim ngang ~ 7- Gia d& 8- Nip thép day 20 cm

Hinh 2: So' dd mit cit ngang ciia 10 phén @ng hat nhian Pa Lat

1- Ving hoat 2- Vanh phan xa graphite 3- Thung 1o 4- Kénh ngang hudng tam
5- Kénh ngang hudng tim 6- Kénh ngang hudng tam 7- Kénh ngang tiep tuyen
8- B¢ chira nhién li¢u da chay 9- Cot nhiét 10- Ctra cOt nhiét 11- Tudng bé tong bao vé

' Ngb Quang Huy (1997), Vit Iy 16 phan tng hat nhan, Vién Nang luong Nguyén tir Viét Nam, Trung tim
Hat Nhan Tp. HO Chi Minh, tr 241-253.
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2.2 Céu tric ving hoat

Vung hoat sau ti nap nhién liéu 12/09/2007 bao gdm 104 b6 nhién liéu (BNL): 98
BNL HEU va 6 BNL LEU, 7 thanh diéu khién gom: 4 thanh bu trir KC - 1am tir vat
lidu carbua Bo (B4C), 1 thanh diéu khién ty dong AR - lam tir thép khong ri, 2
thanh sy ¢b AZ - 1am tir vat liéu carbua Bo.

Chu thich:

B6 nhién liéu HEU
B6 nhién liéu LEU
Thanh diéu khién
Keénh chiéu miu u6t
Kénh chiéu mau kho

Hinh 3: Céu tric viing hoat sau ngay 12/09/2007
2.3 Céu tric cac thanh diéu khién va cic thanh nhién liéu

Trong vung hoat dat 7 thanh diéu khién, trong do c6 hai thanh su cd AZ, 4 thanh
bu trir KC va mot thanh diéu khién tu dong AR. 6 thanh AZ va KC lam tir vat li¢u
carbua Bo hap thy manh neutron nhiét, con thanh AR lam tir thép khong ri. Céac
thanh su ¢b AZ chiu trach nhiém tat 16 khi ¢6 sy ¢d. Cac thanh KC bao dam bu trir
do phan tng du trlr cia 10 trong qua trinh 1am viéc, bu trir sy chay nhién li€u va
hiéu ng nhidm ddc, hiéu Gng nhiét do,... Thanh AR dung dé diéu khién tu dong,
giit cong suat 10 & mirc cho trude. Ngoai cac bo nhién liéu con dit cac thanh Berili
va khdi Berili nhiam tao thém mot 16p phan xa neutron bod sung.

C‘eic bo nhién liu cua 10 phan rng hat nhan Pa Lat 1a loai VVR-M2. D¢ 1a m(f)t‘ bo
gom hai thanh nhién li€u hinh try va mét thanh nhién li€u hinh 6 canh dat dong
truc v6i nhau. Co hai loai VVR-M2: HEU va LEU.

Bang 1: Dic trung ciia b6 nhién liéu HEU va LEU

Thong sb BNL HEU BNL LEU
VVR-M2  VVR-M2
Do giau (%) 36 19,75
Khdi lugng *°U trung binh (g) 40,20 49,70
Thanh phan nhién liéu Hop kim U-Al ~ UO,+Al
Mat d6 **U ciia phan nhién liéu (g/cm’) 1,40 2,50
Vat liéu vo boc Hop kim Al Hop kim Al
(SAV1) (SAV1)
Do day thanh nhién liéu (nhién lidu va vo boc) (mm) 2,50 2,50
Do day nhién liéu (mm) 0,70 0,94
Do day vo boc (mm) 0,90 0,78
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Hinh 5: Mit cit ngang b6 nhién liéu LEU mé phéng bing MCNP4C2

Ta can phai mé ta chi tiét cdu trac ving hoat cua 10 trong ngd vao tinh toan cua
code MCNP'. Lo phan ung hat nhan Da Lat 1a dang 1o bé boi, nudc cat dugc dung
lam chét 1am cham, tai nhiét, phan xa va bao vé sinh hoc. Vung hoat cta 1o c6
dang hinh tru va c6 cdu triic cac vat liéu d6i xtng. Giira tim ving hoat co bay
neutron ban kinh 3,2 cm. Céc thanh nhién liéu, cac khdi Berili, graphite, cic kénh
chiéu xa tao nén vung hoat cta 10 phan Gng c6 dang mang luc lang. Vung hoat c6
ban kinh 20,8 cm va d§ cao 60 cm. Bén ngoai vung hoat c6 thanh phan xa graphite
v6i d6 day 32,6 cm. Cau hinh ving hoat cua 16 da chi ra & hinh 3.

Céu hinh ving hoat cua 16 trong tép ngd vao 1a twong tw nhu ciu hinh thuc. Tuy
nhién, dé don gian trong md hinh tinh toan, nhung van dam bao do chinh xac, cau
tric thanh nhién liéu doc theo chiéu dai chia 1am ba viing. Vung giita 1a ving chira
nhién liéu duge mo ta hoan toan chinh xdc nhu cu tric thuc té, hai diu thanh
nhién liéu duoc mo ta 1a sy hdn hop ddng nhét cia nhém va nude. Cu tric, kich
thude thanh nhién li€u thyce va trong moé hinh tinh toan dua ra trén hinh 4.

Céc kénh chiéu xa c6 hai dang: kénh chiéu xa wot va kénh chiéu xa kho. Kénh
chiéu xa udt dugc mé ta 1a mot cot nudce c6 ban kinh 1,4 cm va bao quanh bdi mot
dng nhom. Kénh chiéu xa khé trong mé ta mau MCNP s& c6 hai phan: ¢ giita 1a
c0t khong khi ban kinh 1,0 cm va phén xung quanh con lai dugc bao boc bdi nudce.
Pia chi cac yéu t tao nén vung hoat cta 10 dugc chi thi bﬁmg hai s6: mot sd chi thi
vi tri thir ty tir tréi sang phai va sé con lai 13 tir trén xubng dudi. Vi vy kénh chiéu
xa dau tién nam & vi tri (1,4), nén duoc goi 1a kénh chiéu xa 1-4; nd 1a mot kénh

! X-5 Monte Carlo Team (2003), MCNP - A General Monte Carlo N-Particle Transport Code, the
University of California, Los Alamos National Laboratory April 24.
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chiéu xa uét. Tuwong tu kénh chiéu xa 7-1 ndm vi tri (7,1) 1a kénh chiéu xa kho va
kénh chiéu xa 13-2 ndm vi tri (13,2) 1a kénh chiéu xa udt. Biy neutron ciing 1a mot
kénh wét, nhung cdu tric khac v6i kénh uét 1-4. Bdy neutron ndm & tim viing hoat
va 1a c¢Ot nudce ban kinh 3,2 cm bao quanh boi mot 16p Berilli.

Trong tinh toan, khi 10 van hanh & cong suat 500 kW khong c6 mau chiéu xa, bén
thanh bu trir KC dugc ning 1€n & vi tri 16 cm, con cac thanh diéu khién khac dugc
nang 1én khoi ving hoat va dugc mé ta bang 4 cot nude. M6 ta ngudn phat neutron
diung KCODE (bai toan téi han) va KSRC (phan b cac diém phat neutron). Tinh
toan thong luong neutron va phd neutron ding F4 tinh thong luong trung binh
trong mot thé tich nao do.

Trong thyc nghiém cac két qua cho gia tri thong lugng trong don vi n/cm’s & cong
sudt 500 kW. Trong khi d6 két qua tir ngd ra cia MCNP 1a In/cm’, tirc gy boi
mot neutron cua nguén. Chinh vi vy, dé so sanh véi thuc nghiém, trong két qua
ctia MCNP can phai nhan vé6i hé sé chuan hoé:

1 joule/s 1 MeV 1 phan ra .~
( ’ W j[1602x10” joulej(2€0Mer:3’lmow(p hanra/W.s) (1)

D6i v6i cau hinh 16 phan tung hat nhan Pa Lat cong suat 500 kW thi hé s6 nhan
la:

2 S 3 9 10.1a
(O’SMW)(lneutron/cm j(2,4so hat nguonj(lO W](3,12x10 phan hach

=3,744x10n/ cm’s
1MW W.s
(2)
Vi vay, gia tri thong lugng ctia 160 phan ng hat nhan Pa Lat tr ngd ra cia MCNP
sau khi xir Iy can phai nhan 3,744x10'°.

s6 hat ngudn phan hach

Trong thuc nghi€m ta khong xac dinh phé neutron theo ning luong. Tuy nhién, tir
pho nang luwgng neutron tinh toan theo code MCNP chung ta ciing c6 thé tinh duoc
hé s6 léch pho va tir 6 dung thong s6 nay dé so sanh vai cac ket qua thuc nghiém.
Pho nang lugng neutron & cac vi tri khéac nhau' doc theo kénh chiéu xa da duge
tinh toan. Trén Hinh 6 1a pho nang lwgng neutron tai kénh chi¢u xa 1- 4 & vi tri cuc
dai (cach day 10 24 cm). Pho nang luong neutron & mét vi tri chiéu xa cd the biéu
dien nhu tong cua pho can bang nhiéte, (E) (phan bo Maxwell, nang lugng tir 0
dén 0,5 eV) va phd ning lugng neutron trén nhiét trong ving lam chim
¢,,,(E)(nang luong tr 0,5 eV dén gia tri cuc dai). Trong phé nang lugng neutron
da duoc lam khép vai duong cong theo ham ban thyc nghiém sau:

Pu(E) =1, (E/E)e™ ™ 3)
va @, (E)=1,,(E/eV)“1/E (4)
Trong d6 1, va I, 1a cac hang s6 ty 1é cua phan neutron nhiét va neutron trén

nhiét, E, 1a ning lugng dic trung cho phan phan bd Maxwell cta phé tic ning
luwgng kha di nhét chinh 1a nang lugng neutron nhiét tai vi tri chiéu xa.

! Tran Van Hing (2003), Nghién ctru dnh huong cua sai s6 do 1éch phd 1/E 1én két qua phan tich kich hoat
trén 10 phan tng hat nhan Pa Lat, Hoi nghi Vat Iy & Cong nghé Hat nhéan lan tha 4, Tp. H6 Chi Minh, tr
265-269.
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Nhu vy, tir phd ning lugng neutron tinh dwoc tir ngd ra cia MCNP trong ving
nang luong tir 0 dén 0,5 eV, chung ta khép theo biéu thire (3) s& tim dugc I, va Er,
trong ving ning lugng trén 0,5 eV dugc khép véi bicu thie (4) s& tim dugc Loy va
hé sb 1éch pho a.

Theo mé phong (phu 1}_1C 3), Kkét qua tinh toan k. cho gia tri 1,00047+0,0005. Ta
str dung tinh toan F4 dé tinh thong lugng neutron.
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Hinh 6: Phd neutron tai kénh 1-4 tinh dwoc tir MCNP tai vi tri 24 cm tir day ving hoat
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Hinh 7: Sir dung dwong cong 1am khép dé tinh hé sé o & biy neutron tinh dwgc tir MCNP
tai vi tri 24 cm tir day vung hoat
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Hinh 8: Phé niing lwgng tai kénh 7-1 tinh dwge tir MCNP tai vi tri 24 cm tir diy viing hoat
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Biang 2: Két qua tinh toan cac thong sb dic trung thong lwgng neutron nhiét tai biy
neutron, kénh 1-4, kénh 7-1 tai vi tri 24 cm

Ké A % Thong lugng Hé s6 léch phé o Niing lwgng nhigt
énh chiéu mau neutron 2

nhiét(n/cm’s™) (x107) (meV)
Bay neutroln(l) (1,7440,01)x10" -3,040,2 26,714+0,03
Kénh 1—4(;)) (9,1440,02)x10" -3,340,2 26,839+0,04
Kénh 7-1 (5,0140,04)x10" -4240,3 28,47240,02

(1) Vi tri thong lwong cuc dai h = 24 cm
(2) Kénh chiéu méu tai h = 8 cm

Bing 3: So sanh cac két qua tinh toan khi 10 1am viéc véi cAu hinh nhién liéu méi va két qua
tinh toan', thwe nghiém?” khi 10 1am viéc véi cAu hinh nhién liéu cii

Théng s6 Kénh 7-1 Kénh 1-4 Biy neutron

dac Tinh Thwy  Tinh Tinh Thwe  Tinh Tinh  Thuec Tinh toan

trung toan cii nghién toan toan cii nghién toan toan cli nghiém méi

maoi moi

O 6,93 7,0 5,0 1,21 1,25 9,1 2,1 2,15 1,7

(n/cm’s) +0,04 +0.3 0,00 0,01  £0,05 +0,00  +0,01 £0,08 +0,0

X102 x102  x10' x10°  x10°  x10'  x10"  x10" x10

o -4,8 £0,5 -4,5 -4, -3,4 -3,6 -33 -3,3 -3,1 -3,0

x107 +0,5 10, 0,4 04 0,2 +0,3 10,3 0,2

Er - - 28,4 27,8 - 26, 27,1 - 26,7

(meV) +0,2 0,3 +0,4 +0,3 10,3
3 KET LUAN

Két qua tinh toan khi 1am viéc véi cau hinh nhién liéu méi cho thay gia tri thong
lugng neutron nhiét tai by 1a 16n nhét, d6i v6i kénh chiéu mau uét gia tri thong
luong neutron nhiét cao hon kénh chiéu mau kho. Nguyén nhén 1a do: bén trong
bay neutron, cac neutron nhiét duoc tap trung nhiéu hon bén ngoai do thanh Berili
va cdt nudc lam cham neutron khi ching khuéch tan tir ngoai vao, mat khac $6
neutron nhiét nay dugc thanh neutron phan xa can tr¢ viéc khuéch tan nguoc tro
lai ra ngoai; kénh chiéu xa uot c6 cOt nudc lam cham neutron tdt hon kénh chiéu
xa kho 1a khong khi.

Céc két qua nhan duoc: gia tri thong luong neutron nhiét, hé sb léch phd «, ning
luwgng Er tai bay neutron, kénh uét 1- 4, kénh 7-1.

Tir Bang 3 cho thay cac két qua tinh toan cac thong so dic trung thong lugng
neutron nhan dugc khi st dung chuong trinh MCNP4C2 cho sai s0 gia tri thong
luwgng neutron nhiét tir 1% - 4%, gia tri nang lugng Et tir 2% - 4%.

Nhu véy, sau khi 10 hoat dong véi cAu hinh nhién liéu méi chi c6 thong luong
neutron nhiét giam, cac thong sb khac nhu hé sé léch phd o va ning luong
neutron nhiét tai cac kénh gén nhu khong thay doi, thong lugng neutron nhiét da
giam dang ké khoang 19% tai by, 27% tai kénh ué6t 1- 4, 29% tai kénh 7-1. Voi

! Tran Van Hung, Yukio Sakamoto, Hedeshi Yasuda (1998), Calculation of Neutron Flux Characteristic of
Dalat Reactor Using MCNP4A code, JAERI-Research 98-057, pp 3-7.

2 Huynh Tén Nghiém, Pham Van Lam, Luong Bé Vién, L€ Vinh Vinh (2002), Po déc trung phd va phan bb
théng lugng neutron tai mot sb vi tri chiéu mau cta 16 phan tng hat nhan Pa Lat, Hoi nghj toan quéc 1in
thtr ba" Vat ly & K§ thuat hat nhan", Ba Lat, tr 98-101.
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hinh nhién liéu d3 thay dbi, sé lwong, sy phan bd cac bé nhién lidu, do giau

thanh nhién liu LEU dua vao vung hoat dudi 20% da lam giam thong luong
neutron nhiét cua Io.
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