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GIOI THIEU

Trong béi canh khoa hoc khoa hoc va cong nghé hat nhan phat trién manh mé, tinh toan mé phéng
tré thanh cong cu khong thé thiéu trong thiét ké vi nhieén ctu vat 1y ki thuat 1o phan tng, gitp di doan chinh
xac hanh vi cac hién tugng ma khong can thuyc hién cac thi nghiém tén kém va rai ro. Trong d6, phuong phap
Monte Carlo c6 nhiéu uu diém trong phan tich vat 1y 1o phan tng nhd kha nang mo phéng truc tiép qua trinh
van chuyén neutron dua trén céc quy luat vat Iy co ban. Phuong phap nay cho phép mo hinh héa chinh xac céc
hinh hoc phiic tap ctia 1o phan ting, st dung tiét dién phan ting theo nang lugng lién tuc va han ché cac gia thiét
gan ding nhu dong nhéat héa vat lieu hay chia nhém nang lugng, ... Do d6, phuong phap Monte Carlo thuong
cung cap két qua c6 do chinh xac cao va duge sit dung nhu mot cong cu tham chiéu trong cic nghién ctu vat ly
10 phan ting nhu t6i han va thong s6 dong hoc. Cac chuong trinh tinh toan dya trén phuong phap Monte Carlo,
bao gom MCNP [1], MVP [2], SERPENT [3], ...

Dau vao quan trong clia cic chuong trinh tinh toan dya trén phuong phap Monte Carlo 1a s6 liéu hat
nhan, bao gom cac s6 lieu tiét dien phan ting duge tap hgp trong cic thu vien s6 lieu nhu ENDF/B, JEFF,
JENDL, CENDL. Sy khéc biét vé s6 liéu gitta cic thu vien va do bat dinh ciia s liéu hat nhan dnh huéng dang
ké dén két qua tinh toan, vi du cdc thong s6 t6i han (keg) va thong sé dong hoc (B, A, 1), von quyét dinh trang
théi t6i han v diic tinh an toan ctia 1o phan tng. Dé danh gid cdc anh hudng nay, phan tich do nhay (SA) va
do bat dinh (UA) dugc st dung nham xac dinh mitc do tic dong ciia ting dong vi va phan ting dén két qua tinh
toan, dong thoi luong héa do bat dinh tong thé ciia cac thu vien s lieu hat nhan lén két qua tinh toan.

Trén thé gidi, nhicu nghién citu da tap trung xac dinh cac thong s6 dong hoc va hé sé6 nhan hiéu dung
ctia nhiéu loai 16 phan ting khic nhau bang cdc phuong phap Monte Carlo [4-9]. Céc nghién citu phan tich do
nhay va do bat dinh (S/U) dang chi y da duge thyc hién cho mot s6 10 phan ting nghién ctiu, bao gom TRIGA
Mark II va 1o phan tng da muc tieu RSG-GAS, st dung cac bo chuong trinh tinh toan nhu SUSD3D va MCNP
[10-18]. D6i véi 1o phén ting nghién citu Da Lat (DNRR), nhiéu cong cu tinh todn bang phuong phap tat dinh
va phuong phap Monte Carlo da duge sit dung trong céc phan tich vat Iy viing hoat sit dung nhién liéu do giau
cao (HEU). Cé4c nghién citu ban dau da sit dung hé chuong trinh WIMSD/CITATION dé danh gia phan bo chay
clia ving hoat va so sdnh két qua tinh toén véi cac s6 lieu thuc nghiem [19]. Ngoai ra, hé chuong trinh nay con
dugc sit dung dé xay dung co s6 s6 licu cho cau hinh DNRR, lam nén tang cho viéc phat trién cac phuong phap
quan 1y nhién ligu trong ving hoat (ICFM), nhu thuat toan di truyén, tién héa vi phan [20]. CAc phan tich vat
Iy neutron tiép theo dugc thitc hien bang cac chuong trinh MCNP5 va SRAC. Két qua tinh todn hé s6 nhan hieu
dung gitta hai chuong trinh cho thay sy phu hop t6t, véi sai khac nhé hon 55 pem, trong khi sai khac so véi cac
phép do thyc nghiem khodng 119 pcm. D6i v6i phan bd cong suat, sai khac tuong déi trong ving trung tam
ving hoat nhé hon 4%, trong khi tai viing ngoai ctia ving hoat sai khéc khoang 7% [21]. Mot nghién ctu chi
tiét vé trang thai t6i han ctia 49 cau hinh khdi dong da duge thyc hién bang cac chuong trinh SRAC va MCNP5
v6i nhiéu thu vien s6 lieu hat nhan khac nhau, bao gom ENDF/B va JENDL. Su kh4c biét gitta cac gia tri tdi
han tinh toan c6 thé dat t6i 770 pem, tiy thuoce vao thu vién s6 lieu st dung (ENDF/B-VIIL.0, JENDL-3.3 va
JENDL-4.0). D6i véi cdu hinh 88 b6 nhién lieu, sai khac gitta gia tri keg tinh toan va thyc nghiegm ndm trong

khoang 330 pcm [22]. )



Tuy nhién, cdc nghién citu vé phan tich do nhay va do bat dinh ctia s6 liéu hat nhan ddi véi cac thong
s6 dong hoc va t6i han cho cau hinh viing hoat gom 92 b6 nhién ligu uranium do giau thap (LEU) van chua duge
cong bd. Do d6, luan an nay tap trung phan tich cdc thong s6 trén bang phuong phap Monte Carlo st dung
chuong trinh MCNP6 [1] két hop véi cac thu vien s6 lieu hat nhan khac nhau, bao gom ENDF/B-VIILO [23],
JEFF-3.3 [24], JENDL-5.0 [25] v CENDL-3.2 [26].

Chuong 1 TONG QUAN

1.1 Vai trdo ctia cac thu vién sé liéu hat nhan

S6 lieu hat nhan déng vai tro nén tang trong linh vite ctia khoa hoc va cong nghé hat nhan, bao gom
ning lugng, an toan, an ninh, thanh sat, y hoc, v cong nghiép. Céc s6 licu nay thé hien cac dai lugng dic trung
cho tiét dien phan ting, loai phan ting, v.v, chiing 1a nguon dau vao cho cac chuong trinh tinh toan vat 1y 1o phan
ing [27].

Do tinh phiic tap clia viéc do dac va danh gia, s6 licu hat nhan duge t6 chitc thanh céc thu vien s6 licu
hat nhan. Qua trinh hinh thanh mot thu vien bao gom céc bude do dac, bién soan, danh gia, xtt 1y, kiem chitng va
tng dung. Cong viéc nay duge thire hien béi cac to chiic va mang 1udi quoc té chuyeén trach, nham bao dam tinh
théng nhat va do tin cay clia s6 lieu hat nhan dung trong nghién cttu va tng dung thire té. Nho d6, nhiéu bo thu
vien s6 lieu khac nhau da duge xay dung, tieu bieu nhu ENDF, JEFF, JENDL, CENDL, BROND va TENDL,
duge stt dung rong rii trong cdc chuong trinh tinh todn va mo phéng hat nhan trén toan thé gidi [23, 26, 28-31].

Cac thu vien s6 lieu hat nhan dugde st dung trong cac chuong trinh tinh todn c6 anh hudng tryc tiép
dén do chinh xéc clia cac két qua tinh toan, phan tich, va thiét ké vat 1y 1o phan tng. Tt d6 c¢6 thé thiy ring
cac thu vién s6 lisu hat nhan déng vai tro quan trong trong viéc quyét dinh do tin cay clia cac thong sd vat 1y
va an toan dugdc tinh toan. Trong nghién citu nay, viec danh gid va so sanh dinh lugng do bat dinh clia cac thu
vién s6 lieu hat nhan duge thiic hién nham lam 16 4nh hudng ciia s6 lieu hat nhan dén cac thong s6 dong hoc va
t6i han ciia DNRR. Trén co sé dé, nghién cttu gép phan danh gia va kiém chitng do phit hgp ciia céc thu vien s6
lieu hién c6, dong thoi dua ra cac khuyén nghi déi véi céc t6 chiic bién soan s6 lieu hat nhan, ciing nhu xac dinh
thur vien s6 lieu phit hgp cho cac phan tich va thiét ké vat 1y 1o phan tng néi chung va DNRR n6i riéng.

1.2 Phan tich ving hoat 16 phan ng va cac nguon bat dinh

Phan tich vat Iy neutron viung hoat 1o phan tng la danh gid hanh vi vat Iy cling nhu dac trung neutron
ctia viing hoat 10 trong cac diéu kién van hanh binh thuong va sy ¢6. Day 1a budc quan trong trong thiét ké ving
hoat, quan 1y nhién liéu va danh gia an toan 10 phan ting. Tuy nhién, két qua phan tich luon chiu anh hudng ciia
nhiéu nguon bat dinh khac nhau, c6 thé tac dong dén do chinh xac va do tin cay ctia két qua tinh toan.

Trong tinh toan mo phéng 10 phan tng, cac két qua dau ra luon phu thuoc vao cac ngon khai bao dau
vao, trong cac nguon dé thi sé lieu hat nhan déng gép quan trong. Nhiing sai léch trong s6 lieu nay cé thé dan
dén sai lech trong cac két qua dau ra, vi du nhu cic thong s6 quan trong 1a dong hoc va téi han. Ngoai ra, dieu
kien van hanh nhu nhiét do, vi trf cac thanh diéu khién, hay do chéy nhién lieu ciing gay ra sai s6 trong tinh
toan. Nhiing sai léch trong qué trinh md hinh héa bé nhién liéu, sai l1éch hinh hoc, mat dé hoac do giau nhién
licu déu lam thay ddi cac két qua tinh toan.

Dé dam bao do tin cay cho cic két qua phan tich, can tién hanh phan tich bat dinh (UA) va phan tich
do nhay (SA). UA tap trung vao viéc xac dinh va dinh lugng cac bat dinh tiém an trong s6 licu va diéu kien dau

vao, sau dé danh gid mitc do lan truyén ctia ching dén cac két qua tinh toan. Nguogc lai, SA xem xét anh hudng



clia tiing tham s6 dau vao doi véi cac dai luong dau ra, gitip xac dinh nhiing yéu t6 c6 tac dong 16n nhat dén céac
két qua.

Viéc két hgp gitta phan tich do bat dinh va do nhay cho phép danh gia toan dién do tin cay ctia mo hinh
mo phéng, dong thoi xac dinh cac yéu t6 vat 1y hosic s6 lieu can cai thien dé gidm sai s6 trong tinh toan. Trong
linh vyc ky thuat hat nhan, day 1& cong cu quan trong giip xac thyc moé hinh, nang cao tinh chinh xac cia du

doan va bao ddm an toan trong qua trinh thiét ké va van hanh.

Chuong 2 PHUONG PHAP VA MO HINH TINH TOAN

2.1 Mo ta lo phan tng hat nhan Da Lat

Lo phan ting hat nhan Da Lat (DNRR) c¢6 cong suat 500 kW, vimg hoat 16 cao 60 cm va dudng kinh
44.2 cm. Vung hoat bao gom 92 bé nhién ligu uranium giau thap (LEU), cdc thanh phén xa berili, 6ng dan thanh
diéu khién, céc kénh chiéu xa va nhiing cau kien két cau khac. Toan bo duge ¢ dinh bang hai tam duc 16 dat &
day vung hoat; mdi tam c6 121 6 luc giac, trong d6 114 6 duge bo tri cho nhién liéu hosic berili va 7 6 danh cho
cac thanh diéu khién [32].

Mbi b6 nhién lieu VVR-M2 do Lién bang Nga ché tao, gdom ba 6ng nhién liéu dong truc: dng ngoai c6
tiét dien luc giac véi khodng cich gitta hai canh song song la 32 mm, hai dng trong c6 tiét dién tron véi duong
kinh ngoai lan lugt 1a 22 mm va 11 mm. Ving chita nhién liéu dai 600 mm, tong chi¢u dai bo 1a 865 mm. Lép
nhién lieu day 0.94 mm gom hén hgp phan tan UOs—Al chiia 49.7 g U-235 lam giau 19.75 %, dugc boc bdi hai
16p v6 nhom, méi 16p day 0.78 mm. Nude nhe (HoO) doéng vai tro chat lam cham, chat tai nhigt, chat can xa,
luu thong qua cac khe hé 2.5-3 mm giita cdc thanh nhién lieu. Phan dau clia b6 nhién liéu c6 tiét dien luc gidc
rong 35 mm, diing dé lien két véi khung vimg hoat va hd trg lap rap. Dau bé duge khoan sau 16 nhim béo dam
tuan hoan nudc va thoat khi. Phan duoi ctia b6 duge ¢ dinh vao tAm lusi dinh vi § day ving hoat [32].

Heé thoéng diéu khién va bdo vé cia DNRR gom bdy thanh didu khién (DK) bé trf d6i xiing: hai thanh
an toan (SR), bon thanh bu trit (ShR) va mot thanh dieu chinh ty dong (AR). Céac thanh SR va ShR stt dung
vat lieu hap thu boron carbide (B4C) ¢6é mat do 1.7 g/ecm? va chiéu dai phan hap thu 650 mm, trong khi thanh
AR dugc ché tao bang thép khong gi. Bén thanh ShR dugce dung dé bu trit do phan tng du va hd trg dap 1o. Téc
do rit t6i da ctia cdc thanh SR va ShR la 3.4 mm/s, trong khi thanh AR c6 thé di chuyén v6i téc do 20 mm/s
dé dicu chinh cong suat trong ché do tu dong. Trong tinh hudéng khan cap, toan bo SR va ShR duge thiét ké dua

vao hoan toan clia viing hoat trong thoi gian dudi mot giay, bao ddm kha nang dimg 1o phan ting an toan [32].

2.2 Chuong trinh tinh toan va m6 hinh vung hoat
Chuong trinh MCNP6 sit dung phuong phap Monte Carlo c6 kha nang moé phéng su van chuyén ciia 37

loai hat khac nhau v6i ning lugng lién tuc, do d6 n6é duge ting dung rong rai trong cac bai todn phan tich t6i
han, thiét ké che chan biic xa, mo hinh detector, va tinh todn vat 1y 1o phan tng. Chuong trinh MCNP6 dugc
phét trién tit cAc phién ban Monte Carlo dau tién vao cudi nhing nam 1970 va da tré thanh cong cu tiéu chuan
toan cau trong linh vuc tinh toan 1o phan tng [33].

Khac véi phuong phap tat dinh, phuong phap Monte Carlo trong MCNP6 mo6 phdéng qué trinh van
chuyén neutron bang cach theo déi lich sit riéng 1é ctia timg hat tit khi sinh ra dén khi bi hap thu hoic 10 thoat.
Cac st kién nhu tan xa, hap thy, phan hach, va phat xa photon duge xac dinh ngiu nhién dya trén phan bé xac

suat. Nho do, MCNP6 dac biét hiéu qua cho cac bai toan ba chiéu, hinh hoc phiic tap va yéu cau do chinh xéc



cao, dit doi héi tai nguyen tinh toan 16n. Cac so liéu hat nhan 14 dau vao quan trong cho MCNP6 duge dinh dang
duéi dang ACE thong qua chuong trinh NJOY, bao gom s6 li¢u tiét dién phan tng, tan xa nhiét S(«, 8), ... [33].
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Hinh 2.1: Mat cit ditng ctia mé hinh DNRR bing MCNPG6.
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Hinh 2.2: Mat cat ngang ctia moé hinh DNRR bang MCNP6.

Trong nghién cttu nay, mo hinh DNRR duge xay dung chi tiét bang MCNP6, phan anh day da hinh hoc
va vat lieu ctia cac thanh phan chinh. M6 hinh bao gom bé nuéc, 92 bé nhién lieu LEU loai VVR-M2, 7 thanh
diéu khién (2 thanh an toan, 4 thanh bii, 1 thanh ty dong), 12 thanh berili, cdc kénh chiéu xa w6t va kho, cot
nhiét, cac kénh ngang dan dong neutron, ciing vanh phan xa graphite. Hi¢u ting nhiém doc berili cing duge xét
dén trong mo hinh. Cac mo phong duge thie hién véi 50 chu ky khong duge kich hoat va 500 chu ky kich hoat,
mdi chu ky gom 10° lich sit hat neutron, ddm bao két qua sai s6 thong ké clia keg nhé hon 6 pcm. Hinh 2.1 va
2.2 mo t4 mat cat ding va ngang ciia moé hinh DNRR.

2.3 Thu vién sb liéu hat nhan

Céc thu vien s6 lieu hat nhan da duge danh gi4, chuan héa va ching la dau vao quan trong cho cac
chuong trinh tinh toan nhu MCNP hoac SERPENT. Céac thu vién s6 liu hat nhan dudc stt dung trong nghién cttu
nay gom ENDF /B-VIIL0, JEFF-3.3, JENDL-5 va CENDL-3.2, lan lugt dugce phét trién béi Hoa Ky, OECD/NEA
chau Au, Nhat Ban va Trung Qudc.

- ENDF/B-VIILO (2017) gom 557 dong vi, c6 do tin cay cao va duge xem la thu vién chuan tham chiéu

toan cau [23].



- JEFF-3.3 (2017) gdom 562 dong vi, duge phat trién trong khuon kho OECD/NEA, c6 cau triic s6 ligu
tuong thich ENDF va dudgce sit dung rong rai ¢ chau Au [24].

- JENDL-5 (2021) mé rong len 795 dong vi va 37 vat liéu tan xa nhiét, bd sung ma tran hiép phuong
sai cho hon 100 dong vi [25].

- CENDL-3.2 (2020) c6 272 dong vi, dang dugc phét trién va danh gia [26].

2.4 Cac phuong phap phan tich dé nhay va dé bat dinh

Trong luan 4n nay, phan tich gia do nhay va do bat dinh dugc thie hién dyta trén mo hinh xap xi tuyén
tinh va phuong phap phan tich do nhay liéen hgp do Cacuci dé xuat. Theo cach tiép can nay, do nhay tuong
déi ctia hé s6 nhan hiéu dung keg d6i vdi tham so6 tiét dién neutron o trong mot tap hop cac nhom ning lugng
(E1,..., Ey) duge biéu dién nhu sau [34]:

oo _ (0B Okesy am, Okepy  amy Okeyy 51
= (e Gt S S e SR ) (2.1)
eff Oap, kefs O, eff 00py

D6 nhay ciia ty s6 neutron tré hieu dung B.g duge xac dinh dita trén phuong phéap titc thoi két hop véi
quy trinh phan tich d6 nhay lién hop [15]:
GPert <aE1 OBess am, OBess OBy 8ﬁeff) ‘
“ Bepf Oap,’ Bepy Oap,” " Pess Qg
Tit biéu thitc (2.9), cac thanh phan ciia phuong trinh (2.2) ¢6 thé duge xac dinh nhu sau:
ap, 8Beff _ apy < k‘pak . 6k:p >
6eff (90(EN Beff k28OJEN k@aEN
_ k, apy 0k ap,Oky (2.3)
k—Fk, \kOag, kyoag,

kyp k k,
T k—ky (SQEN N SQEN) ‘
Phuong trinh (2.3) c¢6 thé duge viét lai dudi dang:
apy OBesr _ (1= Pegy) ( gk _ gk, ) (2.4)
Besr Oap, Befs GEN BN )7 '

(2.2)

Trong do: S(]jEN ) SQ”EN lan lugt 1a cac do nhay clia k va k.
Ma tran hiep phuong sai C, , thu duge tu s6 lieu hat nhan thong qua chuong trinh NJOY duge biéu
dién nhu sau [35]:

C ’ C / ... C ’
Q1,00 1,00 Q1,0
’ C / ... C /
C Q2,00 Q2,005 Q2,0 (2 5)
=
o,x ‘ :

C / C / ... C /

L ON,0 AN,y OéN7OcN_

Do bat dinh ctia cac phan ting duge tinh bing quy tac sandwich [34]:
U?=1|SL - Caar - Sal s (2.6)

Trong dé: S, 1a vector chuyén vi clia S,

Tit phuong trinh (2.6) c6 thé thay rang, do bat dinh clia keg hodic Seg ddi v6i mot phan ting nhat dinh
phu thuoc dong thoi vao ma tran do nhay va ma tran hiép phuong sai ctia s6 liéu hat nhan. N6i cach khéac, do
nhay cho biét mitc do anh hudng cia tiing phan ting hat nhan, trong khi ma tran hiép phuong sai phan anh do
tin cay ctia s6 lieu dau vao. Khi két hgp hai yéu t6 nay thi dinh luong mic do lan truyén ctia do bat dinh s6 sb

litu hat nhan dén cac két qua tinh toéan.



2.5 Xac dinh gia tri hé s6 nhan neutron hiéu dung k.g

Trong ma MCNP, hé s6 nhan neutron hi¢u dung keg duge dinh nghia nhu sau [33]:

// //vafCI)dthdEdl"
kepy =
// //V JdthdEdF+pa// //Uc+0f+0m CIJdthdEdI‘

Trong do6: t, E, va T lan lugt 1a cac bién ctia khong gian pha theo thoi gian, nang Iugng va huéng; r 1a

(2.7)

vi tri trong thé tich vi phan dV; p, 14 mat do nguyén tit (don vi: atoms/barn-cm); ® la thong lugng neutron; .J

la dong tong qua mot bé mat; o la tiét dien hap thu, phan hach va phan tng nhan (n,xn).

2.6 Cac phuong phap xac dinh cac théng sé déng hoc

2.6.1 Ty sb neutron tré hiéu dung Betf

Phuong phap trong sb lién hop [36]:
5., (0".B9)
6T Fe)

Trong d6: ¢ va ¢T lan lugt la thong lugng neutron thuan va lien hop; B 1a toan ti neutron tré; F 13

(2.8)

toan t1t phan hach; {.) biéu thi phép tich phan trén toan bo khong gian v niang lugng.

Phuong phap tic thoi [37]:
(Xxpup) _ kp kp
= — B~ 1——. 2.9
(xv)  k et k 29)

Trong d6: k 1a hé sd nhan neutron xét cho tat ci neutron; k, la he s6 nhan neutron chi xét riéng cho

neutron tdc thoi.

2.6.2 Thdi gian thé hé neutron A va thdi gian séng neutron tic thoi L,
Phuong phap trong sb lién hop [36]:

+ 1
A= §§+7F¢§, (2.10)
+ 1
lp = <¢<q;+”jbg§;ff, (2.11)

Trong do6: A la thoi gian thé he neutron; [, 1a thoi gian séng clia neutron tic thoi.
Phuong phap hap thu 1/v [38]:

Ak 1
=1 = 1i - . 2.12
b= ) = i, (- ) 212

Trong d6, mot lugng dong vi B-10 duge dua dong déu vao tat ca cac vat lieu. Ham lugng B-10 dude

them vao véi nong do tir 4.0 x 107 dén 15.0 x 107 atoms/(b-cm). Gié tri kess, dudc tinh ¢ mdi bude tuong
ing véi ting nong do B-10, tit d6 xac dinh mdi quan hé tuyén tinh gitta do phan tng va ham lugng B-10. Gia tri
l, duge suy ra khi nong do B-10 tién vé 0.

Chuong 3 CAC KET QUA VA THAO LUAN

3.1 Tinh toan trang thai t6i han va so sanh véi s6 liéu thuc nghiém
Bang 3.1 liet ké cac vi tri thanh diéu khién (bén thanh ShR vA mot thanh AR) tuong tng v6i 30 cau
hinh t6i han thyc nghiém cia DNRR.



Béang 3.1: Vij tri cac thanh diéu khién tuong ting vdi cac trang théi téi han bing thuc nghiem.

Do chen thanh (mm) Do chen thanh (mm)
STT STT

ShR1 ShR2 ShR3 ShR4 AR ShR1 ShR2 ShR3 ShR4 AR
1 430 430 430 430 390 16 514 310 514 514 254
2 420 420 420 420 530 17 420 420 420 650 255
3 431 431 431 431 430 18 416 416 650 416 253
4 435 435 435 435 375 19 650 650 102 650 650
5 438 438 438 438 310 20 464 464 360 464 267
6 442 442 442 442 225 21 477 477 330 477 267
7 390 460 460 460 256 22 493 493 300 493 255
8 358 477 477 477 259 23 510 510 270 510 259
9 325 498 498 498 253 24 530 530 239 530 256
10 290 527 527 527 252 25 558 558 205 558 263
11 250 545 545 545 259 26 398 650 398 398 262
12 424 424 424 424 650 27 505 505 505 260 259
13 463 384 463 463 265 28 471 471 471 335 262
14 477 360 477 477 261 29 457 457 457 374 247
15 494 335 494 494 254 | 30 650 397 397 397 254

Béng 3.2 so sdnh gia tri keg tinh bang MCNP6 cho ba trang thai cia DNRR; (1) trang théi t6i han (AR
= 390 mm, bén thanh ShR = 430 mm); (2) trang thai trén t6i han (toan bo thanh didu khién rit ra hoan toan);
va (3) trang thai dudi t6i han (toan bo thanh diéu khién dua vao hoan toan), khi st dung bén thu vien dit lieu
ENDF/B-VIIL.0, JEFF-3.3, JENDL-5, CENDL-3.2 v& so sdnh véi két qua thyc nghiem.

Trong truong hgp 1, tat ci cac thu vién déu cho két qua sai léch nhé hon 162 pem so vé6i gia tri t6i
han thyc nghiém; trong truong hop 2, cic két qua clia cac thu vien ¢6 do lech so vé6i thu vien ENDF/B-VIIL.0O
1a nh6 hon 132.8 pem; trong truong hop 3, két qua ctia ENDF/B-VIILO 1a 0.97032 khi so sanh véi cac thu vien
JEFF-3.3, JENDL-5, CENDL-3.2 sai khac lan lugt 1a +47.4, +165.9 va —89.7 pcm.

Béang 3.2: Két qua keg trong cac trang théi téi han, trén t6i han va dudi téi han,
st dung bén thu vién dit licu hat nhan so sanh véi thuc nghiém.

Trudng hop Trang thai Cau hinh ENDF/B-VIIL.0 JEFF-3.3 JENDL-5 CENDL-3.2
1 Téi han Thuyc nghiéem®  1.00021 £ 0.00005 1.00020 £ 0.00005 1.00162 4 0.00005  0.99929 =+ 0.00005

- (-1.0 pcm)® (141.0 pcm) (-92.0 pcm)
2 Trén téi han DK rat ra 1.07708 = 0.00005  1.07692 + 0.00005 1.07851 £ 0.00005 1.07626 £ 0.00005

- (-14.9 pcm) (132.8 pcm) (-76.1 pcm)
3 Duséi t6i han DK dua vao 0.97032 £ 0.00005  0.97078 + 0.00005  0.97193 £ 0.00005 0.96945 + 0.00005

- (47.4 pcm) (165.9 pcm) (-89.7 pcm)

“Vj tri thanh diéu khién (DK) trong thi nghiém t6i han: 4 ShR = 430 mm, AR = 390 mm.
® Sai léch so véi két qua ENDF /B-VIILO.

Hinh 3.1 va Bang 3.3 so sanh céc gia tri keg thu duge bang MCNP6 vé6i két qua thie nghieém cho 30 cau
hinh t6i han, cho thay sy phit hgp t6t, v6i sai léch 16n nhat 1a 354 pecm. Nhin chung, JEFF-3.3 cho két qua gan
nhéat v6i ENDF/B-VIILO, trong khi JENDL-5 ¢6 xu huéng cao hon va CENDL-3.2 thap hon khi so sanh véi s6
lidu thyc nghiém.

3.1.1 Phan tich do nhay ctia hé s6 nhan hiéu dung ke
Cac he s6 do nhay theo cidc dong vi va phan ting chinh duge phan tich va phan loai thanh déng goép

duong va am. Béang 3.4 trinh bay cac he s6 do nhay duong clia keg thu duge véi bon thu vien ENDF/B-VIILO,
JEFF-3.3, JENDL-5 va CENDL-3.2. Tit két qua c6 thé thay he sé do nhay gitta bon thu vien 1a phit hgp t6t.
7
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Hinh 3.1: Két qué keg ctia 30 cdu hinh tdi han
stt dung bén thu vién dit liéu hat nhan so sanh véi thuc nghiém.

Béang 3.3: Phan tich trang thai téi han ctia 10 DNRR sit dung MCNP6 va bén thu vién dit liéu hat nhan.

STT kest p (pem)
ENDF/B-VIIL.0O JEFF-3.3 JENDL-50 CENDL-3.2 | ENDF/B-VIIL.O JEFF-3.3 JENDL-5.0 CENDL-3.2

1 1.00021 1.00020 1.00162 0.99929 21 20 162 71

2 1.00130 1.00140 1.00271 1.00045 130 140 271 45

3 0.99943 0.99947 1.00095 0.99854 57 -53 95 -146
4 0.99892 0.99913 1.00054 0.99820 -108 87 54 -180
5 0.99902 0.99912 1.00063 0.99831 98 -88 63 -169
6 0.99881 0.99904 1.00053 0.99820 -119 -96 53 -180
7 0.99922 0.99932 1.00076 0.99823 78 -68 76 177
8 0.99885 0.99883 1.00021 0.99799 115 117 21 2201
9 0.99844 0.99854 0.99996 0.99759 -156 -146 4 241
10 0.99774 0.99792 0.99938 0.99684 226 -208 -62 -316
11 0.99890 0.99914 1.00042 0.99807 -110 -86 42 193
12 0.99974 0.99973 1.00138 0.99878 -26 -27 138 1122
13 0.99912 0.99929 1.00073 0.99845 -88 71 73 -155
14 0.99884 0.99880 1.00051 0.99800 -116 -120 51 -200
15 0.99848 0.99850 1.00004 0.99765 -152 -150 4 -235
16 0.99786 0.99801 0.99944 0.99707 214 -199 -56 -293
17 0.99739 0.99742 0.99888 0.99646 261 258 112 354
18 0.99746 0.99764 0.99904 0.99662 254 236 96 -338
19 0.99756 0.99770 0.99900 0.99661 -244 -230 -100 -339
20 1.00004 1.00017 1.00167 0.99922 4 17 167 78
21 1.00008 1.00025 1.00172 0.99921 8 25 172 -79
22 0.99981 1.00013 1.00142 0.99908 -19 13 142 92
23 0.99960 0.99970 1.00111 0.99878 40 -30 111 1122
24 0.99940 0.99949 1.00093 0.99851 -60 -51 93 -149
25 0.99888 0.99916 1.00045 0.99804 112 -84 45 196
26 1.00005 1.00015 1.00165 0.99923 5 15 165 -7
27 0.99911 0.99931 1.00067 0.99822 -89 -69 67 -178
28 0.99967 0.99977 1.00133 0.99884 -33 -23 133 -116
29 0.99990 1.00005 1.00151 0.99905 -10 5 151 95
30 1.00084 1.00083 1.00226 0.99986 84 83 226 14




Béng 3.4: Céc do nhay duong ctia keg, sap xép theo ENDF/B-VIIL.0.*

Dong vi Phén ting | ENDF/B-VIILO | JEFF-3.3 JF3/E8 | JENDL-5.0 J5/E8 | CENDL-3.2 C3/E8
(x1071) (x1071) (x1071) (x1071)

U-235 total v 9.9354 9.9350 1.00 9.9352 1.00 9.9348 1.00
U-235 fission 3.3662 3.3681 1.00 3.3697 1.00 3.3757 1.00
H-1 elastic 2.7696 2.7831 1.00 2.7733 1.00 2.7842 1.01
C-nat elastic 0.7207 0.7014 0.97 0.6760 0.94 0.7098 0.98
Lwtr S(a, ) inelastic 0.6830 0.6655 0.97 0.7007 1.03 - -
0-16 elastic 0.3948 0.3604 0.91 0.3752 0.95 0.3900 0.99
Al-27 elastic 0.3648 0.3481 0.95 0.3489 0.96 0.3664 1.00
Be-9 elastic 0.3045 0.2907 0.95 0.3009 0.99 0.3075 1.01
Be-9 n,2n 0.1569 - - 0.1589 1.01 0.1593 1.02
Al-27 inelastic 0.1117 0.1122 1.00 0.1026 0.92 0.1067 0.96
C-nat S(a, ) inelastic 0.0783 0.0775 0.99 0.0884 1.13 - -
U-238 total v 0.0547 0.0548 1.00 0.0547 1.00 0.0551 1.01
C-nat S(a, 8) elastic 0.0511 0.0858 1.68 0.0655 1.28 - -
U-238 elastic 0.0508 0.0512 1.01 0.0524 1.03 0.0497 0.98
U-238 fission 0.0371 0.0374 1.01 0.0371 1.00 0.0373 1.00
U-238 inelastic 0.0219 0.0231 1.06 0.0225 1.03 0.0222 1.02
Fe-56 elastic 0.0217 0.0195 0.90 0.0218 1.01 0.0217 1.00

* Gia tri tuyet doi theo ENDF/B-VIILO > 0.1%.

Trong s6 cac phan ting, U-235 (total-v) va (n,fission) cho gia tri do nhay duong l6n nhat, 1an lugt xap

xi 0.994 va 0.337, vugt troi so v6i cac phan ing khac. Tiép theo 1a déng gop duong tir tan xa dan hoi ctia H-1,

C-ty nhién, O-16, Al-27 va Be-9. Cac thanh phan va phéan ting nay déng vai tro quan trong trong qua trinh sinh

neutron va lam chadm neutron trong ving hoat. Sy xdy ra clia cdc phan ting nay lam gia ting mat do neutron

nhiet, tit d6 gép phan lam tang keg ciia 1o phan tng.

Do nhay/lethargy

0.0
10°

0.10

0.08

0.06

0.04 |

Do nhay/lethargy

0.02

0.00
10°

Hinh 3.2:

e i A
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Do nhay phu thudc néng lugng cua keg cho U-235, H-1 va C-nat.

Hinh 3.2 trinh bay phan b6 do nhay theo ning lugng ctia U-235 (total-v va (n,fission)), H-1 (tan xa dan

héi) va C-nat (t4n xa dan hdi). Céac phan bd nay phan dnh méi lien he gitta do nhay va nang luong. O ving

nang lugng nhiet khoadng 0.001-1.0 €V, U-235 (total-v) va (n,fission) xuat hién cdc dinh do nhay duong 6 rét,

vi & viing nay cé tiét dien phan hach ctia U-235 rat 16n. Trong khi d6, nhu thé hieén tréen Hinh 3.3, H-1, C-nat,

0O-16, Al-27 va Be-9 thé hien do nhay duong dang ké cho tan xa dan hdi ¢ viing ning lugng nhanh 0.5-1.0 MeV,

cho thay cac dong vi nay c6 vai tro lam cham neutron.
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Do nhay phu thudc ning lugng cia keg cho Lwtr S(«a, 8), O-16, Be-9 va Al-27.

Béng 3.5 trinh bay cac hé s6 do nhay am ciia keg thu duge v6i bom thu vien ENDF/B-VIILO0, JEFF-3.3,

JENDL-5 va CENDL-3.2. C6 thé thiy cac dong gép am chit yéu dén tit cAc phan ting bat neutron (n,7y) ctia H-1,
U-235, Al-27, U-238 va phén tng (n,a) cta B-10. V6i thu vien ENDF /B-VIILO0, cac gia tri tuong tng lan lugt
12 -0.145, -0.128, -0.046, -0.039 va -0.010. Két qua nay cho thiy ring cidc phan ting hap thu neutron trong ving
nang lugng nhiét gay ra sit suy gidm s6 neutron sin c6 cho cac phan ng phan hach tiép theo, do d6 lam gidm

ke cia 10 phén tng.

Béang 3.5: Céac do nhay am ctia keg, sap xép theo ENDF/B-VIIL.0.*

Dong vi Phan tng | ENDF/B-VIILO | JEFF-3.3 JF3/ES8 | JENDL-5 J5/E8 | CENDL-3.2 C3/ES8
(x1071) (x1071h) (x107h) (x1071)

H-1 n,y -1.3930 -1.3928 1.00 -1.3988  1.00 -1.4064 1.01
U-235 n,y -1.2794 -1.2730 0.99 -1.2782  1.00 -1.2747 1.00
Al-27 n,y -0.4994 -0.4993 1.00 -0.4869  0.98 -0.5046 1.01
U-238 n,y -0.3963 -0.3954 1.00 -0.3972  1.00 -0.3995 1.01
B-10 n,a -0.1361 -0.1373 1.01 -0.1357  1.00 -0.1367 1.00
Be S(a, B) elastic -0.0705 -0.0575 0.82 -0.0676  0.96 - -
Be-9 n,a -0.0474 -0.0448 0.95 -0.0456  0.96 -0.0490 1.03
Be-9 n,y -0.0366 -0.0326 0.89 -0.0312  0.85 -0.0322 0.88
U-234 n,y -0.0227 -0.0228 1.00 -0.0221  0.97 -0.0227 1.00
0-16 n,a -0.0150 -0.0106 0.71 -0.0143  0.95 -0.0108 0.72
C-nat n,y -0.0147 -0.0145 0.98 -0.0152  1.04 -0.0130 0.88
Fe-56 n,y -0.0145 -0.0143 0.99 -0.0144  1.00 -0.0146 1.01

* Gia tri tuyét ddi theo ENDF/B-VIILO > 0.1%.

Hinh 3.4 va 3.5 thé hién phan b6 do nhay am theo nang lugng clia cac phan tng bat neutron ctia H-1,
U-235, Al-27, U-238, Be(n,«a), va Be S(a, 3) (n,elastic). Céc phan ting ctia cdc dong vi H-1, Be-9 va Al-27 tao
ra do nhay am dang ké trong viing nang lugng nhiét 0,0075-0,025 eV, véi cac gia tri 16m 16 rét quanh 0.01 eV,
lan lugt 14 —1.39 x 107! (H-1), —4.99 x 1072 (Al-27) v —1.36 x 1072 (Be-9). Céc phéan ting bit neutron ctia
H-1, U-235 va Al-27 tiép tuc thé hién do nhay am l6n trong khoang 0.01-0.1 eV, cho thay vai trdo quan trong ctia
chiing trong viéc lam gidm k.g 6 ving nang lugng nhiét. Nhu vay, cdc phan ting hap thu neutron trong ving
nang lugng nhiét ctia cac dong vi tren la nhitng co ché chinh gay ton that neutron trong chu trinh phan hach, do
d6 goép phan lam gidm hé s6 keg clia ving hoat.
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Hinh 3.4: Do nhay phu thuoc ning lugng ctia keg cho H-1, U-235, Al-27 va U-238.
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Hinh 3.5: Do nhay phu thudc nidng lugng ciia kegr cho B-10, Be S(a, 3) va Be-9.

3.1.2 Phan tich do bat dinh cia hé sé6 nhdan hiéu dung kg

Béng 3.6 trinh bay do bat dinh clia keg, duge tinh toan véi ba thu vien ENDF/B-VIIL0, JEFF-3.3 va
JENDL-5. Téng do bat dinh thu dugc lan lugt 14 415.7, 588.0 va 363.0 pcm. So véi ENDF/B-VIIL.0, bat dinh thu
duge véi JEFF-3.3 16n hon khoang 30%, trong khi v6i JENDL-5 nhé hon khoang 12%. Can Iuu ¥ rang JENDL-5
khong cung cap ma tran hiép phuong sai cho mot sé6 dong vi quan trong nhu Al-27, Be-9 va C-12, nén bat dinh
lien quan dén bat neutron va tan xa dan hoi clia cdc dong vi nay khong duge tinh dén. Diéu nay gép phan lam
tong bat dinh theo JENDL-5 (363.0 pcm) nhé hon so véi ENDF /B-VIILO.

Céc phén ting déng gop nhiéu nhat vao bat dinh cia keg 1a H-1 (n,y), U-235 (n,fission) va H-1 (tan xa
dan hoi), véi gia tri bat dinh tuong ting 288.1, 153.2 va 143.0 pcm (ENDF/B-VIIL.0). D6i véi H-1 (n,y) va U-235
(n,fission), do phan b6 do nhay 44 nhoém nang lugng kha gidng nhau gitta ba thu vién, sy khac biet chti yéu dén

tlit ma tran hiép phuong sai.
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Béang 3.6: Do bat dinh ctia keg, sap xép theo ENDF /B-VIIL.0.

Dong vi Phéan tng | ENDF/B-VIIL.O | JEFF-3.3 JF3/E8 | JENDL-5 J5/E8
Q (pem) (pem) (pem)

Tong - 415.7 588.0 1.41 363.0 0.87
H-1 n,y 288.1 355.6 1.23 289.3 1.00
U-235 fission 153.2 215.2 1.40 153.2 1.00
H-1 elastic 143.0 203.7 1.42 142.6 1.00
Al-27 elastic 127.6 167.8 1.32 - -
Al-27 n,?y 116.4 232.4 2.00 - -
Al-27 inelastic 84.7 56.4 0.67 - -
Be-9 n,2n 48.4 - - - -
C-nat elastic 37.5 39.0 1.04 - -
U-238 n,?y 35.9 35.8 1.00 35.9 1.00
U-235 n,y 34.1 195.2 5.73 33.9 1.00
Be-9 elastic 32.3 - - - -
Be-9 n,o 22.8 - - - -
Be-9 n,y 18.2 - - - -
0-16 elastic 15.0 66.2 4.41 11.4 0.76
U-238 elastic 12.5 10.9 0.88 13.2 1.06
U-238 total v 12.3 13.3 1.08 5.5 0.45
0-16 n,qo 9.1 2.6 0.28 6.2 0.68
B-10 n,o 7.9 1.5 0.19 7.9 1.00
Fe-56 n,y 6.9 4.0 0.59 16.2 2.35
U-238 inelastic 6.3 15.3 2.42 21.0 3.33
U-234 n,y 4.9 5.0 1.00 24.4 4.93
U-238 fission 4.5 10.2 2.26 3.7 0.81
C-nat n,y 4.4 4.3 0.98 - -
Fe-56 elastic 2.3 9.2 3.96 7.7 3.31

Doéng gép quan trong tiép theo thuoc vé Al-27 véi ba phén ting: tan xa dan hoi, (n,y) va tan xa khong
dan hoi, véi cac bat dinh lan lugt 127.6, 116.4 va 84.7 pecm. Diéu nay phu hgp véi vai tro clia nhom 1a vat lieu
cau triic chinh trong viing hoat. Sau Al-27, cic dong vi Be-9, C-tu nhien, U-238 va O-16 ciing déong gép déng ké
vao bat dinh.

Téng hop két qua phan tich do nhay va do bat dinh cho thiy: Do nhay duong 16n tap trung & U-235,
H-1, C-nat, O-16, Be-9, Al-27 va U-238; Do nhay am chii yéu dén tit cAc phan ting bat neutron ciia H-1, U-235,
Al-27, U-238, B-10, Be-9 va C-nat; Bat dinh kg bi chi phdi manh béi bat va tan xa dan hoi ctia H-1, cling nhu
bt va phan hach ctia U-235; tiép theo la cac dong gép dang ké ciia Al-27, Be-9, C-nat va U-238.

3.2 Danh gia cac thong sé6 déng hoc
3.2.1 Anh hudng ctia cac théng s6 van hanh 1én théng s6 dong hoc

3.2.1.1 DPdc trung dong hoc lo

Bang 3.7 so sanh gia tri Beg dugce tinh bang hai phuong phap: Trong s6 lien hgp va phuong phap tic
thoi. Nhin chung, phuong phéap trong s6 lién hop cho gié tri Beg hoi 16n hon so v6i phuong phép tiic thoi, ngoai trit
thu vien JEFF-3.3, noi phuong phap tiic thoi cho gia tri cao hon (762 pem so v6i 753 pcm). ENDF/B-VIIILO cho
gia tri nhé nhat (735 pem véi trong s6 lien hop va 731 pem véi phuong phap tiic thoi). JENDL-5 va CENDL-3.2
cho cing gia tri Beg (738 pem) véi phuong phap trong so lien hgp. Sai khac gitta hai phuong phap trong ting
thu vien luon nhé hon 1.2%, trong khi sai khac gitta cac thu vien duéi 4.0%, cho thay miic do nhat quan tot ca
vé phuong phap 1an dit licu.
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Béang 3.7: So sanh Beq tinh bing phuong phéap trong sb lién hop va phuong phéap titc thoi.

Phuong phép ENDF/B-VIIL.0 JEFF-3.3 JENDL-5.0 CENDL-3.2
(pem) (pem) (pem) (pem)

Trong s6 lién hop 735+ 5 753 +5 738+ 5 738 £ 5

Tuc thoi 731 +6 762 £ 6 731+6 745+ 6

Bang 3.8 tom tat cac thong s6 dong hoc (Begt, A, Ip) tinh bang phuong phap trong s6 lien hop va phuong
phép hap thu 1/v. Gié tri Beg nam trong khodng 735-753 pem, véi gid tri 16n nhat tit JEFF-3.3 (753 pecm) va
nhé nhat tit ENDF/B-VIIL.O (735 pcm), chénh léch tuong doi khodng 2.5%. JENDL-5 va CENDL-3.2 cho cuing
gia tri 738 pcm, thé hién sy nhat quan cao giita hai thu vien nay. Thoi gian thé hé neutron A nim trong khoang
80.88-81.77 us; CENDL-3.2 cho gia tri 16n nhat (81.77 us), con JEFF-3.3 cho nhd nhat (80.88 us). Két qua
ENDF/B-VIIL.0 (80.96 us) va JENDL-5 (81.01 us) chi sai khac 0.05 ps, cho thay mic do phu hop rat t6t. Do
lech tuong ddi ctia A gitta cic thu vien déu dudi 1.1%. Tuong tu, [, bién thien tit 80.90 us dén 81.72 us. So véi
phuong phap hap thu 1/v, két qua ctia phuong phéap trong s lien hop cho A va [, 16n hon t6i da khoang 0.3%
(nhd nhat khoang 0.12%), chiing t6 hai cdch danh gia cho két qua phit hgp chat ché.

Béang 3.8: So sanh cac thong s6 dong hoc tinh bing phuong phap trong sé lién hop
va phuong phap hap thu 1/v.

Thong s6 ENDF/B-VIIL.O JEFF-3.3 JENDL-5.0 CENDL-3.2
Phuong phap trong so lién hgp

Best (pcm) 735+ 5 73 +5 738 +5 738+ 5

A (us) 80.96 + 0.10 80.88 £0.10 81.01 +£0.10 &81.77£0.10
L, (1s) 80.98 £0.10 80.90 £0.10 81.154+0.10 &81.72+0.10
Phuong phép hap thu 1/v

A (us) 80.76 £0.14 80.64 £0.15 80.87+0.11 81.67+£0.15
Iy (ps) 80.78 £0.17 80.66 +£0.18 &81.01 +£0.15 &81.62+0.19

Bang 3.9 trinh bay cdc thong s6 sdu nhom neutron tré duge danh gia biang phuong phap trong so lién
hop, bao gom ty s6 neutron tré tiing nhom 3; va hang s6 phan ra \;. Trong tat ca cac thu vién, nhém 4 déng
g6p 1én nhat vao tong Beg, voi B4 trong khoang 280-293 pem. Cac nhém 2 va 3 ciing c6 déng gép dang ké véi
B; tu 127 dén 183 pem, trong d6 JEFF-3.3 cho gia tri 16n nhat ¢ cd nhém 2 va 3. Nhém 5 va 6 c¢6 dong gép nhd
nhét; rieng nhém 6 cho ty s6 thap nhat (31-51 pem). Hang s6 phan ra A; mo ta téc do phan ra ciia cic tién chat
neutron tré: A\ cang lén thi thoi gian séng cang ngan va neutron duge phat ra nhanh hon. Nhém 1 luén c¢6 A1 nhd
nhat (0.012-0.013 s71), ting vdi céc tien chat song dai nhat. Nguge lai, nhom 6 c6 A\g 16n nhat (2.857-3.555 s71),
biéu hién phat xa neutron tré nhanh. JEFF-3.3 cho Ag 16n nhéat (3.555 s71), con JENDL-5.0 cho A5 16n nhét
(1.143 S_l). ENDF/B-VIIIL.0 va CENDL-3.2 cho cic gia tri \; kha gan nhau ¢ hau hét cdc nhém; nhom 4 dac
biét 6n dinh véi A4 trong khoang 0.292-0.304 s~! cho tat ca cac thu vien.

Cac thong s6 dong hoc trinh bay trong Bang 3.10 va Hinh 3.6 cho thay sy phu hop rat tot giita két
qué tinh todn bing MCNP6 va cac phuong phéap tuong ting dude st dung trong Serpent 2. Ddi v6i Begr, cac
phuong phap Meulekamp, Chiba va Nauchi cho cac gia tri thap hon so véi MCNP6 (735 pem), véi sai lech lan
lugt ~0.16%, —0.13% va —0.29%, trong khi cac phuong phap IFP va Perturbation cho cac gia tri cao hon, véi sai
lech +0.15% va +0.05%.
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Béng 3.9: Thong sb6 sau nhém neutron tré tinh bing phuong phap trong sé lién hgp.

Nhom ENDF/B-VIIL.0O JEFF-3.3 JENDL-5.0 CENDL-3.2
i B (pem) A () | B (pem) A (s7) | Bi(pem) i (s7) | Bi (pem) i (s71)
1 27+ 1 0.013 28+1 0.012 25+1 0.012 26+1 0.013
2 132 £2 0.033 141 £ 3 0.028 161 +3 0.031 131 +3 0.033
3 128 £ 2 0.121 183 £3 0.133 143+ 3 0.112 127+ 3 0.121
4 280+ 3 0.303 287+ 4 0.292 293 +4 0.302 285+ 4 0.304
D 118+ 2 0.851 66 + 2 0.666 84 4+ 2 1.143 118+ 3 0.862
6 ol +1 2.857 48 +2 3.555 31+1 3.037 ol +2 2.877
Tong 735+5 - 753 +5 - 738 +£5 - 738 £ 5 -
Béng 3.10: So sanh két qua cac thong s6 dong hoc ciia MCNP6
véi cdc phuong phép trong Serpent 2 sit dung ENDF/B-VIII0.
Thong s6 Meulekamp Chiba Nauchi IFP Perturbation MCNP6
Bett (pcm)  733.83 £0.57 734.07+0.82 732.87+0.61 736.13+£2.02 735.36+0.40 735+£5
A (ps) - - 81.92 4+ 0.02 81.08 + 0.05 81.62+0.01 80.96 +0.10
Iy (1) - - 81.96+0.02 81.12+£0.05 81.66+0.01  80.98 4 0.10

** Cac phuong phap trong Serpent 2 dugc mo ta trong ban luan 4n day du.

A [ps]

L, [us]

D6i vai A, MCNP6 cho gia tri 80.96 us, trong khi cAc phuong phép trong Serpent 2 cho cac gia tri
cao hon: Nauchi 81.92 us (+1.19 %), Perturbation 81.62 us (+0.81 %) va IFP 81.08 us v6i sai lech nhd nhét

(+0.15 %).

Déi véi 1,, MCNP6 cho gia tri 80.98 us, trong khi cac phuong phap Nauchi, IFP va Perturbation lan
luot cho cac gia tri 81.96, 81.12 va 81.66 us, v6i sai lech tuong ting +1.21 %, +0.17 % va +0.84 %. Phuong phap
IFP cho két qua phu hop nhat véi MCNP6 ddi véi ca ba thong s6 Ses, A va l,. Céac thong s6 dong hoc tinh bang

cac phuong phap khac nhau ciing cho thay mitc do nhat quan cao, vdi sai lech tuwong déi déu nhé hon khodng

1-1.2%.

Meulekamp

Nauchi

Nauchi

Chiba

Nauchi
T

IFP

IFP

IFP Perturbation MCNP6
T
*
x
Perturbation MCNP6
T T
-
x
Perturbation MCNP6

vOi cac phuong phap khac nhau trong méa Serpent 2.

14

ﬂeﬂ o

S

Hinh 3.6: So sanh cac thoéng s6 dong hoc tinh bing MCNP6



3.2.1.2 Su phu thudc cia cic thong sé6 dong hoc vao mic chdy nhién liéu

s dung ENDF /B-VIIIL.O

760

85.0 . . . . . . . . —85.0

7554
82,54
750 4

745 80.0 -

740 o
77.54
735 4

730 75.0 4

P, [%]
Alps]
/“|,u>|

725 4

ﬂm[pcm]

72.5 4
720
715 70.0 4

710

67.54

705

700 T T T T T T T T T 20 65.0 T T T T T T T T T
0 100 200 300 400 500 600 700 800 900 0 100200 300 400 500 600 700 800 900

EFPDs EFPDs

(a) Bef VA pea (b) Aval,
Hinh 3.7: Sy bién thién ctia cic thong s6 dong hoc theo miic chay nhién liéu.

Hinh 3.7(a) cho thay c& do phan ting du trit pe; va Beg déu gidm theo s6 ngay van hanh cong suat
(EFPD). Trong d6, pe; giam gan tuyén tinh, con Beg gidm khong tuyén tinh, tit khodng 750 pem tai dau chu
trinh (BOC) xuéng 704 pcm tai cudi chu trinh (EOC). Miic gidm Beg 16 nhét trong giai doan chay ban dau (dudi
250 EFPD), sau d6 gidm cham hon & cac giai doan sau. Xu thé nay chit yéu do sy suy gidm ctia U-235 (c6 phan
neutron tré tuong déi 16n) va sy tich liiy cac dong vi plutoni nhu Pu-239, Pu-240 va Pu-241 (c6 phan neutron tré
nhé hon) khi mitc chay tang, dong thoi chiu &nh hudng ctia sy ciing héa pho neutron. Sy suy gidm Seg theo chay
nhién liéu cho thay ty 1& neutron titc thoi tang lén, dan dén dap ng dong hoc cia DNRR trd nén nhanh hon.

Hinh 3.7(b) cho thay A va [, tang gan tuyén tinh theo chdy nhién lieu. Tai BOC, céc gia tri tuong tng
12 73.39 ps va 68.14 us, tang len 80.04 us va 77.99 us tai EOC. Xu thé nay phan anh su kéo dai thoi gian séng

trung binh ciia neutron khi mitc chay tang, do sy thay doi thanh phan nhién liu va sit cting hoa ctia phd neutron.
3.2.1.3 Thoéng sé dong hoc theo vi tri thanh diéu khién s dung ENDF /B-
VIII.O

Hinh 3.8 minh hoa anh huéng ctia vi tri thanh diéu khién lén cac thong sé dong hoc. Lo phan ting &
trang théai dudi t6i han khi mtc rat thanh diéu khién nhé hon khoang 33.5% va trd nén trén t6i han khi rat vuot
qua khoang 34.5%. Hinh 3.8(a) cho thay Beg chi gidm nhe tit 741 pcm xubng 722 pcm khi céc thanh diéu khién

chuyén tit trang thai chen hoan toan dén rit hoan toan.
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Hinh 3.8: Su bién thién ctia cac thong sé dong hoc theo vi tri thanh diéu khién.
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Céac thong s6 A va [, ciing gidm r6 rét khi rit dan thanh diéu khién. Hinh 3.8(b) cho thay A gidm tir
82.63 ws xudng 73.54 ws, trong khi I, gidm tir 85.16 ws xudng 68.27 wus. Dang bién thién nay phén anh dic trung
tich phan ctia thanh diéu khién, phan c6 do dbc 16n 1a & khoang gitta phan dnh do hiéu dung cao nhat ctia thanh
diéu khién.

3.2.1.4 Su phu thudc cia thong sé6 dong hoc vao nhiét do nhién liéu s

dung ENDF /B-VIILO0
Trong qua trinh van hanh DNRR, nhiét do nhién li¢u thay déi trong khoang 20-95°C; vi vay, anh hudng
ctia nhiét do nhien lieu dén cac thong sd dong hoc duge khao sat. Két qua trong Hinh 3.9 cho thiy tac dong nay
14 tuong d6i nho.
Gié tri keg gidm khi nhiét do nhién liéu tang do hiéu dng Doppler, tuong tng véi viéc dua vao vung
hoat do phan ting am. Tuy nhién, nhu thé hién trong Hinh 3.9(a) va Hinh 3.9(b), cic thong s6 Beg, A va I, gan
nhu khong thay déi trong khoang nhiet do khao sat.
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Hinh 3.9: Sy bién thién ctia cac thong s6 dong hoc theo nhiét do nhién liéu.

Béang 3.11: Téng hop céc thong s6 dong hoc ctia DNRR vdi 92 bé nhién liéu LEU.

Tham s6 Diéu kién Beof A L
(pem)  (us)  (us)
BOC 750 73.39 68.14

Mitc chéy nhién ligu EOC 704 80.04 77.99

Tat cA CR chen 741  82.63 85.16
Tat ca CR rut 722 73.54 68.27
20°C 738  80.78 80.78
95°C 727 80.67 80.55

Vi tri thanh diéu khién

Nhiét do nhién liéu

Tém lai, mitc chay nhién liéu va vi tri thanh diéu khién c6 anh huéng dang ké dén cac thong s6 dong
hoc, trong khi nhiét do nhién liéu trong khoang van hanh binh thuong chi gay ra nhing bién thién nhé. Két qua
nay nhan manh vai trd quan trong clia cac yéu to nay trong phan tich dong Iic hoc va danh gia an toan clia 1o
phan ing DNRR.

3.2.1.5 Su phu thuéc cia cdc théng s6 dong hoc vao do chdy nhién liéu
s dung JENDL-5

Hinh 3.10(a) cho thay sy phu thuoc clia Seg vao do chay nhién lieu, duge xac dinh bang phuong phap

trong s6 lien hop. Beg gidm nhanh trong khodng 200 Ei%PD dau tien va sau dé6 gidm cham hon & cac giai doan



sau. Trong toan bo chu trinh tit BOC dén EOC (800 EFPD), Beg gidm khodng 52 pem, tit khoang 760 pem xudng
708 pcm.
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Hinh 3.10: Sy bién thién ctia cac thong sé6 dong hoc theo mitc chay nhién liéu.

Hinh 3.10(b) cho thay [, tdng gan tuyén tinh theo mic chay nhién li¢u, tit 79.01 us tai BOC len 82.76 us
tai EOC.

Béng 3.12: Gia trj Beg dugc tinh bing phuong phap trong sé lién hop va phuong phép tifc thoi.

Dai lugng  Trong s6 lién hgp Tiic thoi
BOC EOC BOC EOC

Ber (pcm) 760+4 708+£21 T748+9 T00+£18

Bang 3.12 so sanh cac gia tri Beg tai BOC va EOC giita phuong phap trong so lien hop va phuong phap
titc thoi. Phuong phap tic thoi cho céc gia tri Sog nhd hon khoang 8-12 pem so v6i phuong phap trong so lien
hop, véi sai khac tuong doéi dudi 1.6 %.

Béng 3.13: Gia tri A va l, tinh bang phuong phap trong sb lien hgp va phuong phap hap thu 1/v.

Dai luong Trong s6 lién hop Hap thu 1/v
BOC EOC BOC EOC
A (ps) 74.16 £0.11 81.22+0.15 74.83+0.35 81.44+0.20

L, (ps) 79.01 £0.11 82.76£0.15 79.72+045 82.98+0.19

Bang 3.13 so sanh cac gia tri A va [, tai BOC va EOC thu dugc tit hai phuong phap: trong so lien hop
va hap thu 1/v. V6i thu vien JENDL-5, phuong phép trong s6 lien hop cho cac gia tri A lan lugt 1a 74.16 va
81.22 ps tai BOC va EOC, trong khi céc gia tri tuong tng cta I, la 79.72 va 82.98 pus. Sai khac gitta hai phuong
phap luon nhé hon 1 %, cho thay mitc do phu hop tét gitta cac két qua tinh toan.

Hinh 3.11 minh hoa cach xéac dinh [, bang phuong phap hap thu 1/v, trong dé nong do B-10 duge thay
ddi tit 4.0 x 1072 dén 1.5 x 1078 atoms/(b-cm).

3.2.2 Phan tich d6é nhay ciia ty s6 neutron tré hiéu dung Bz

Két qua phan tich do nhay duong trong Bang 3.14 cho thay B.g chti yéu bi chi phoi béi suat phat neutron
tré cia phan tng phan hach U-235. Hé s6 do nhay ctia phan tng nay chiém khoang 96-98 % doi véi ca bon thu
vien dit lieu hat nhan, trong d6 JENDL-5 cho gia tri 16n nhat (98.48 %) va CENDL-3.2 cho gia tri nhoé nhat
(96.16 %). Két qua nay phu hop véi co ché vat 1§ clia Beg, von phu thuoce tryc tiép vao suat phat neutron tré

sinh ra tir caic méanh phan hach cua U-235.
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Hinh 3.11: 1, nhu ham ctia nong do B-10 tai BOC va EOC, xéc dinh bing phuong phap hap thu 1/v.

Ding thit hai 1a tdn xa nhiét cia nuéec nhe Lwtr-S(a, 8), tuy nhién céc gia tri do nhay khac biét dang
ké gitta cac thu vien. Cu thé, ENDF/B-VIILO cho 29.64 %, JENDL-5 dat 21.02 %, trong khi JEFF-3.3 cao hon
o réet voi 71.12 % (JF3/E8 = 2.40). Sy khac biet nay chi yéu xuat phat tit cdc sai khéc trong mo hinh va di
licu S(a, B) ctia nude nhe gitta cac thu vien hat nhan, lam thay doi qua trinh lim cham neutron va pho neutron

nhiét trong viing hoat, tit d6 anh huéng dén déng goép hiéu dung ciia neutron tré.

Béang 3.14: Cac do nhay duong ctia fBeg, sap xép theo ENDF/B-VIIL.(0.*

Dong vi Phéan ng | ENDF/B-VIIL.O | JEFF-3.3 JF3/E8 | JENDL-5 J5/E8 | CENDL-3.2 C3/ES8
(pem) (pem) (pem) (pem)

U-235 delayed v 98.13 96.65 0.98 08.48 1.00 96.16 0.98
Lwtr S(a,8) inelastic 29.64 71.12 2.40 21.02 0.71 - -
Al-27 elastic 10.09 -4.65 -0.46 20.51 2.03 -8.09 -0.80
C-nat S(«a,8) inelastic 5.23 -7.34 -1.40 6.20 1.19 - -
Al-27 total 5.10 -11.31 -2.22 15.71 3.08 -9.83 -1.93
Be S(a, 8) inelastic 1.88 -1.04 -0.55 20.09 10.69 - -
Fe-56 elastic 1.68 -1.94 -1.16 -2.20 -1.31 -2.36 -1.41
U-235 elastic 1.35 0.95 0.71 2.22 1.65 1.51 1.12
U-238 delayed v 1.30 1.30 1.00 1.36 1.05 1.38 1.06
Fe-56 total 1.13 -2.05 -1.82 -2.34 -2.07 -2.24 -1.98
Be-9 (n, ) 0.60 0.39 0.66 0.25 0.42 0.60 0.99
U-238 (n,7y) 0.60 -0.07 -0.11 0.87 1.45 0.50 0.83
Be-9 (n,7) 0.58 0.72 1.23 0.37 0.64 0.74 1.27
U-238 fission 0.50 -0.44 -0.87 -0.39 -0.79 0.50 0.99
U-238 total v 0.30 -0.59 -1.93 -0.59 -1.93 0.32 1.07
0-16 (n,7) 0.25 1.13 0.51 0.03 0.14 0.11 0.44
0-16 (n, @) 0.24 0.173 0.52 0.04 0.15 0.11 0.45
U-235 inelastic 0.14 0.38 2.77 -0.62 -4.50 0.54 3.91
U-234 inelastic 0.11 -0.07 -0.66 0.05 0.47 0.01 0.10

* Gia tri tuyét ddi theo ENDF/B-VIILO > 0.1%.

Céc phan ting Al-27, C-nat va Be (S(a, 3)) ciing cho do nhay dang ké, phan anh vai tro quan trong
ctia vat lieu két cau va lam cham. Dang cha §, JENDL-5 cho do nhay ctia Be-S(«, 3) (khong dan hoi) 16n gap
khoang 10 1an ENDF /B-VIIL0 (ti s6 J5/E8 = 10.69), va phan ting tong trén Al-27 16n hon khoang ba lan (J5/E8
— 3.08).

Khi phan tich do nhay am nhu Bang 3.15, phan tng U-235 (prompt v) ¢6 do nhay am rat 16n (khoang
-96% dén -98%), cho thay néu phan neutron titc thoi t?gg lén thi B.g gidm tuong tng. Tan xa dan hoi ctia H-1



Béng 3.15: Céc do nhay am ctia Beg, sap xép theo ENDF/B-VIILO0.*

Dong vi Phén ting | ENDF/B-VIILO | JEFF-3.3 JF3/E8 | JENDL-5.0 J5/E8 | CENDL-3.2 C3/E8
(%) (%) (%) (%)

U-235 total v -0.11 0.77 -7.06 0.54 -5.06 -0.14 1.29
C-nat (n,7) -0.11 0.12 -1.07 -0.13 1.19 -0.02 0.14
B-10 elastic -0.21 1.12 -5.27 0.13 -0.61 0.04 -0.21
U-234 elastic -0.21 0.02 -0.10 -0.47 2.20 0.13 -0.63
Fe-56 (n,7) -0.22 -0.24 1.13 0.28 -1.29 0.27 -1.25
0O-16 inelastic -0.28 -0.15 0.54 -0.01 0.04 0.16 -0.60
Fe-56 inelastic -0.33 0.13 -0.40 -0.42 1.27 -0.13 0.40
H-1 (n,7y) -0.52 4.92 -9.44 -1.98 3.80 0.05 -0.10
U-238 inelastic -0.67 0.91 -1.37 1.38 -2.08 -1.02 1.53
B-10 (n,7) -0.78 -1.26 1.62 0.53 -0.69 -0.69 0.88
B-10 (n,a) -0.80 -1.27 1.58 0.53 -0.66 -0.69 0.87
U-238 total -0.87 5.23 -6.01 -2.55 2.92 5.83 -6.69
Al-27 (n,7y) -0.91 0.22 -0.25 -1.16 1.27 0.29 -0.32
B-10 total -0.92 -0.14 0.15 0.57 -0.62 -0.64 0.69
U-238 prompt v -1.00 -1.88 1.89 -1.95 1.96 -1.05 1.05
U-238 elastic -1.36 4.72 -3.46 -4.44 3.26 5.74 -4.21
U-235 (n,7) -1.54 -0.57 0.37 -0.72 0.47 0.11 -0.07
C-nat S(a,8) total -2.65 -8.07 3.04 20.58 -7.76 - -
Al-27 inelastic -4.18 -7.03 1.68 -3.55 0.85 -2.10 0.50
U-235 total -7.37 -1.96 0.27 0.25 -0.03 2.92 -0.40
U-235 fission -7.40 -2.78 0.38 -0.48 0.06 0.72 -0.10
C-nat S(a, 8) elastic -7.89 -0.73 0.09 14.38 -1.82 - -
C-nat elastic -19.01 1.90 -0.10 25.93 -1.36 10.94 -0.58
C-nat total -19.19 1.62 -0.08 26.04 -1.36 10.67 -0.56
Be-9 total -24.52 5.27 -0.21 8.39 -0.34 8.77 -0.36
Be-9 elastic -24.86 6.54 -0.26 9.17 -0.37 8.77 -0.36
Be S(a, ) total -25.19 -33.19 1.32 17.67 -0.70 - -
Be S(«, 3) elastic -27.07 -32.15 1.19 -2.42 0.09 - -
0O-16 elastic -49.63 -24.28 0.49 12.29 -0.25 16.88 -0.34
0O-16 total -49.66 -24.29 0.49 12.33 -0.25 17.17 -0.35
H-1 elastic -49.99 26.17 -0.52 -49.65 0.99 -47.46 0.95
H-1 total -50.51 31.12 -0.62 -51.64 1.02 -47.39 0.94
U-235 prompt v -98.21 -95.91 0.98 -97.73 1.00 -96.25 0.98

* Gia tri tuyet doi theo ENDF/B-VIILO > 0.1%.

va O-16 cling ¢6 do nhay am manh trong ENDF/B-VIIL.O (khoang -50%), trong khi JEFF-3.3 lai cho do nhay
duong déi véi H-1 (26.17%), con CENDL-3.2 van am (-47.46%).

Hinh 3.12 trinh bay céc do nhay phu thuoc nang lugng ctia Bog d6i véi U-235 (delayed v), Lwtr-S(«, 3)
(inelastic), Al-27 (elastic) va C-nat-S(a, 8) (inelastic). Doi v6i U-235 (delayed v), do nhay duong lén tap trung
trong viing ning lugng nhigt 1072-10"1 eV va gidm gan vé 0 § viing niang lugng nhanh (trén 1 MeV), cho thay
dong gop neutron tré chit yéu tit phan hach nhiet. Cac phén ting tan xa khong dan hoi qua S(«, 3) cta nude
nhe va carbon thé hién dao dong dang ké trong viing nhiét va trén nhiét. Al-27 (tan xa dan héi) ¢6 do nhay nho
nhung dao dong trén toan pho.

Hinh 3.13 thé hién do nhay theo ning lugng ctia Beg d6i véi Al-27 (tong), Be-S(a, 8) (inelastic), Fe-56
(elastic) va U-235 (elastic). Cac phan tng tong trén Al-27, tan xa dan hdi Fe-56 va U-235 cho thiy bién thien
dang ké trén toan dai nang lugng. Phan tng Be-S(a, 8) (inelastic) c¢6 dnh huéng chiit yéu trong viing nang lugng
nhiét, nhan manh vai tro ctia tan xa nhiét trén Be cho neutron tré.

Hinh 3.14 trinh bay do nhay phu thudc niang lugng doi véi U-235 (prompt-v), H-1 (tdng va dan hoi) va
O-16 (tdng). Phan ting U-235 (prompt-v) c¢6 do nhay am 16n trong vimg niang hugng thap (< 10 eV), dic biét
manh trong khoang 1072-10"" eV, thé hién 16 mdi quan hé d6i nghich gifta tang neutron tiic thoi va gidm Beg.
Déi v6i H-1, do nhay dao dong nhe & viing nhiét va trén nhiét va bién thién ré6 hon ¢ vimg nhanh (103-107 eV).

0-16 (t6ng) c6 do nhay nhé hon nhung phan bo trén t(i%n pho nang lugng.
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Hinh 3.13: Do nhay phu thudc ning lugng ctia fBeg doi véi Al-27, Be-S(«, 3), Fe-56 va U-235.

Hinh 3.15 mo t& do nhay theo nang lugng clia Beg d6i v6i tan xa dan hoi O-16, tan xa dan hoi Be-S(a, 3),
phan ting tong Be-S(a, B) va tan xa dan hoi Be-9. Tén xa dan hdi ciia O-16 cho do nhay bién thien trén toan dai
ning luong, nhung gan nhu bang 0 & ving nhiét, cho thay anh hudng han ché t6i Seg trong ving nay. Cac phan
ting Be-S(a, ) (dan hoi va tong) c6 do nhay dang ké trong ving 1072-1 eV, trong khi CENDL-3.2 khong cung
cap dit lieu tan xa nhiet trén Be. Tan xa dan hoi Be-9 thé hién do nhay 1o rét v6i feg trong ving nang luong

nhanh (10-107 eV), phan anh vai tro ctia Be-9 trong diéu chinh phd neutron nhanh quanh vimg bay neutron.

3.2.3 Phan tich bat dinh ty s6 neutron tré hiéu dung B.g

Bang 3.16 trinh bay do bat dinh cia Beg theo céc phan tng khac nhau. Tong bat dinh thu duge lan lugt
1a 1312.2, 1021.0 va 471.4 pem. So véi ENDF/B-VIILO, bat dinh theo JEFF-3.3 va JENDL-5 nhé hon khoang
22.2% va 64.1%. Tuy nhién, can luu y rang JEFF-3.3 va JENDL-5 thiéu ma tran hiép phuong sai cho mot s6
dong vi quan trong nhu Al-27, Be-9 va C-12; do d6, cdc thanh phan bat dinh lién quan dén bat neutron, (n,2n),
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Hinh 3.14: D6 nhay phu thuoc ning Iugng ciia feg doi véi U-235, H-1 va O-16.
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Hinh 3.15: Do nhay phu thuoc ning higng ciia Seg doi véi O-16, Be-S(a, 3) va Be-9.

(n,), tan xa dan hoi va khong dan hdi trén cédc dong vi nay khong thé tinh duge, lam giam tong bat dinh ciia
hai thu vien so v6i ENDF/B-VIIL.0. Néu gia thiét ring cAc thanh phan bat dinh bi thiéu trong JEFF-3.3 va
JENDL-5 duge lay tut ENDF/B-VIILO, thi tong bat dinh hiéu chinh tuong tng ctia ENDF/B-VIIIL.O, JEFF-3.3
va JENDL-5 lan lugt 1a 1312.2, 1291.0 va 1280.8 pcm. Khi d6, JENDL-5 cho téng bat dinh nhé nhét, chénh léch
gitta ba thu vien chi khoang 2-3%.

Tit Bang 3.16 c¢6 thé thay cac phan ting déng gép 16n nhat vio bat dinh ciia Beg (theo ENDF/B-VIILO)
la tan xa dan hoi tren Al-27 (811.2 pecm), Be-9 (755.8 pem) va H-1 (360.0 pem). Bat dinh do Al-27 (elastic) 1a rat
16n trong ENDF/B-VIILO (811.2 pem) va van dang ké trong JEFF-3.3 (617.7 pcm). Mt khac Be-9 (elastic) ciing
déng gop 755.8 pem trong ENDF/B-VIIL.0. Déi véi H-1 (elastic), bat dinh trai rong tit 360.0 pcm (ENDF/B-
VIILO0) xubng con 23.1 pem (JEFF-3.3) va 241.9 pecm (JENDL-5). Déi véi O-16 (elastic), bat dinh theo JEFF-3.3
1 450.4 pem, cao hon nhidu so véi ENDF/B-VIILO (124.8 pem) v JENDL-5 (48.7 pem).
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Nhin chung, cdc phan ting tan xa dan hoi, khong dan hoi va bat neutron trén Al-27, Be-9, H-1, B-10 va
O-16 chi phdi phan 16n bat dinh clia Beg, do day 1a cidc dong vi chii dao trong nhién liéu, két cAu va moi truong
lam cham. Vi vay, viéc cai thien danh gia dit lieu tiét dien va higp phuong sai cho cac dong vi nay (dac biet 1a
Al-27, Be-9, H-1, B-10 va O-16 trong viing nang lugng nhiét v cong hudng) sé gop phan dang ké lam gidm bat

dinh cla fBeg, ndng cao do tin cay clia phan tich dong hoc va an toan 1o phan tng.

Béng 3.16: Do bat dinh ctia Beg, sap xép theo ENDF/B-VIIL0.

Dong vi Phan tng | ENDF/B-VIIL.O | JEFF-3.3 JF3/E8 | JENDL-5 J5/E8
(pem) (pem) (pem)

Total - 1312.2 1021.0 0.78 471.4 0.36
Al-27 elastic 811.2 617.7 0.8 - -
Be-9 elastic 755.8 - - - -
H-1 elastic 360.0 23.1 0.06 241.9 0.67
Al-27 inelastic 351.8 311.9 0.89 - -
B-10 n,?y 344.7 530.9 1.54 209.2 0.61
Be-9 n,2n 194.3 - - - -
0-16 elastic 124.8 450.4 3.61 48.7 0.39
0O-16 n,?y 123.6 61.9 0.50 28.2 0.23
Be-9 n,y 120.0 - - - -
C-nat elastic 109.0 48.3 0.44 - -
U-238 elastic 93.5 135.6 1.45 242.0 2.59
0O-16 inelastic 81.7 16.4 0.20 26.8 0.33
U-235 elastic 49.2 95.3 1.94 98.2 1.99
B-10 elastic 36.5 26.4 0.72 10.6 0.29
U-235 fission 34.0 114.7 3.37 41.6 1.22
Fe-56 inelastic 28.0 8.8 0.32 42.5 1.52
Be-9 n,o 27.7 - - - -
U-238 inelastic 26.8 82.2 3.07 160.0 5.98
U-234 elastic 26.6 6.7 0.25 51.3 1.93
Fe-56 elastic 24.9 57.7 2.32 105.6 4.24
U-234 inelastic 19.8 17.4 0.88 10.8 0.55
U-235 inelastic 18.8 59.0 3.14 42.4 2.26
Al-27 n,y 16.6 10.4 0.62 - -
0-16 n,o 14.1 4.3 0.31 6.6 0.47
Fe-56 n,y 11.2 6.9 0.62 30.7 2.74
H-1 n,y 10.8 125.6 11.61 41.0 3.79
U-238 n,?y 8.7 10.2 1.17 12.0 1.38
B-10 n,o 7.0 1.2 0.18 2.6 0.37
C-nat n,?y 6.7 3.4 0.51 - -
U-238 fission 6.6 22.4 3.40 3.7 0.56
U-235 n,?y 5.6 11.5 2.06 9.4 1.67

3.3 Két luan

Két qua phan tich do nhay clia keg cho thay dang phan bd do nhay kha nhat quan gitta cac thu vien di
lidu hat nhan. Tuy nhién, trong cac tinh toan t6i han, va danh gia so véi gid tri thuc nghiém, gia tri keg tinh vé6i
JENDL-5 luon cao nhat, trong khi CENDL-3.2 cho gié tri thap nhat; ENDF/B-VIIL0 va JEFF-3.3 nam gitta hai
thu vien nay. Su khac biet nay chtl yéu bat nguon tir cac sai khac trong dit lieu phan tng hat nhan cia cac thu
vién, thay vi tit mo6 hinh tinh toan hay thuét toan cia MCNPG6, do toan bo cac phép tinh duge thuc hién trong
ctiing mot dieu kién mo phéng. Trong phan tich bat dinh ciia keg, cdc thanh phan déng gép 16n nhat 1a bat va
tan xa dan hoi ctia H-1, cting vdi phan hach ctia U-235; ngoai ra Al-27, Be-9, C-nat va U-238 ciing c6 déng gop
dang ké. Tong bat dinh ctia keg thu duge véi ENDF/B-VIILO, JENDL-5 va JEFF-3.3 lan lugt 1a 415.7, 363.0 v&

588.0 pcm. 99



Trong phan tich cac thong s6 dong hoc, gia tri Beg thu duge bang phuong phap trong s6 lién hop lan
lugt 1a 735, 753, 738 va 738 pcm; trong khi phuong phap tic thsi cho cac gia tri tuong ting 731, 762, 731 va
745 pem. Sai khac gitta hai phuong phap khong viot qua 1.2 %, con bién thién gifta cac thu vién nhé hon 4.0 %.
V6i thu vien ENDF/B-VIIL.0 va phuong phéap trong so lien hop, cac gia tri dién hinh ctia cac thong s6 dong hoc
gom Segr khoang 735 pem, A khodng 80.96 us va [, khoang 80.98 us. So sanh véi két qua Serpent 2 cho thay sai
khac ctia Beg, A va I, déu dudi khodng 1-1.2 %, ching t6 MCNP6 va Serpent 2 cho két qua nhat quan va dang
tin cdy trong bai toan dong hoc ciia DNRR.

Phan tich 4nh hudng cac diéu kien van hanh stt dung ENDF/B-VIIL0, két qua cho thiy su chay nhien
lieu, Bog gidm 1o rét tur 750 pem tai dau chu trinh (BOC) xuéng 704 pem tai cudi chu trinh (EOC), trong khi
A tang tu 73.39 len 80.04 ps va [, tang tt 68.14 len 77.99 us. Su gidm Beg chil yéu do suy gidm U-235 (ty s6
neutron tré cao), tich liiy cdc dong vi plutoni c¢6 ty s6 neutron tré nhé hon va do hiéu ting cting phd neutron do
do chay cao 6 EOC. Theo do rat thanh diéu khién, khi chuyén tit cAu hinh tat ci thanh dua vio hoan toan sang
tat cd rut ra hoan toan, Beg giam khodng 2.6%, A gidm khoang 11% va [, gidm khoang 19.8%. Diéu nay phan
anh st tang déng gép phan hach nhanh va gidm phan hach nhiét khi cdc thanh diéu khién duge rat ra. Theo
nhiét do nhien lieu (20-95°C), ke gidm dan do hieu ting Doppler, kéo theo mot gidm nhe SBeg, nhung A va [, hau
nhu khong thay doi dang ké. Nhu vay, thong s6 dong hoc cia DNRR phu thudc manh vio mitc chay nhien lidu
va vi trf thanh diéu khién, trong khi nhay it hon véi nhiét do nhien lieu. Cac két qua nay la dau vao quan trong
cho phan tich an toan va t6i wu van hanh DNRR.

Thong qua phan tich do nhay ctia Beg, két qua chi ra rang phan tng sinh neutron tré (delayed v) ctia
U-235 la thanh phan c¢6 &nh hudng duong 16n nhat dén Seg, trong khi phan ting sinh neutron ttc thoi (prompt v)
ctia U-235 lai lam gidm Beg manh nhat. Khi phan tich do nhay feg theo thu vien thé hién sy chénh léch 16n hon
so vdi do nhay keg, diac biet khi tinh dén do nhay cia keg khong bao gom déng gép triuc tiép clia neutron tré.
Diéu nay cho thay viec xit Iy va danh gia dit lieu neutron tré trong cac thu vién van con khac biét déang ké. Tong
bat dinh ctia Bog d6i v6i ENDF/B-VIILO0, JEFF-3.3 va JENDL-5 lan lugt 1a 1312.2, 1021.0 va 471.4 pcm. Thanh
phan bat dinh 16n nhat dén tu tan xa dan hoi cia Al-27, Be-9 va H-1; rieng Al-27 (elastic) chiém khoang 38.1%
tong bat dinh trong ENDF/B-VIILO va 39.5% trong JEFF-3.3, dong thai 16n hon gia tri tuong ting ctia JEFF-3.3
khoang 23.9%. Cac dong vi khac dong gop trén 100 pcm gom B-10, O-16 va C-nat; ma tran hiép phuong sai la
nguon goc chinh gay khéac biét bat dinh gitta cac thu vien.

KET LUAN, NHUNG DONG GOP MOI
VA HUGNG NGHIEN CcUU TIEP THEO

1. Két luan chung
(1) Phan tich cac cau hinh t6i han cho thay sy sai khac c6 hé thong trong cac gia tri keg khi sit dung cac thu
vién s6 lieu hat nhan khac nhau. Trong d6, cac tinh toan vé6i thu vien JENDL-5 cho gia tri keg 16n nhat,
trong khi CENDL-3.2 cho gia tri nhé nhat, con ENDF/B-VIIIL.0 va JEFF-3.3 cho cac két qua ndm trong
khodng gitta hai thu vién nay. Phan tich do nhay va do bat dinh clia keg cho thay mic do nhat quan cao
gifta cdc thu vién so lieu hat nhan. Cac két qua chi ra ring cdc phan tng bat giit v tdn xa dan hoi clia
H-1, cting v6i phan ting phan hach ctia U-235, 1a nhitng nguon déng goép chit yéu vao cd do nhay va do bat

dinh cua keg.
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(2)

(6)

Két qua danh gia cac thong so6 dong hoc cho thay sy phit hop tét gitta cdc phuong phap tinh toan, véi sai
khac nhé hon 1.2%, trong khi sai khéc gitta cdc thu vién s6 lieu hat nhan khong vugt qua 4%. Phan tich
theo cac diéu kién van hanh ctia 10 phan tng cho thay cac thong s6 dong hoc phu thudc manh vao mic

chay nhién lieu va vi tri thanh diéu khién, trong khi &nh hudéng ctia nhiét do nhien liéu 1a khong dang ké.

Phan tich do nhay ciia Beg, két qua cho thay phan tng delayed v ctia U-235 ¢6 anh hudng duong 16n nhét
dén Beg, trong khi phan ttng prompt v ctia U-235 gay ra tdc dong lam gidm SBeg manh nhat. Tuy nhién,
so sanh két qua gitta cac thu vien dit lieu hat nhan cho thiy su chénh lech dang ké trong do nhay clia Seg,
phan anh sit khac biét trong cach xit 1y va danh gia dit liéu neutron tré gitta cac thu vien. Phan tich do bat
dinh clia Beg chi ra ring cac phan tng tan xa dan hoi ciia Al-27, Be-9 va H-1 13 nhiing nguon déng gép
chii yéu, trong do rieng Al-27 chiém gan 40% tong do bat dinh. Ngoai ra, sb lieu hiep phuong sai dude xac
dinh 1a ngudn gdc chinh ctia cac do bat dinh nay. Két qua nay cho thay viéc cai thién dit licu tiét dien 1a

can thiét nham nang cao do chinh xac cia cdc phan tich dong hoc 10 phan tng.

Nhitng déng gép méi

Luan an nay la cong trinh nghién citu toan dién dau tién vé anh hudng ctia do nhay va do bat dinh cua
dit lieu hat nhan dén viéc phan tich cac thong s6 dong hoc va t6i han ctia Lo phan ting hat nhan Da Lat
(DNRR) v6i 92 b6 nhién lieu uranium lam giau thap. Nghién citu st dung phuong phdp Monte Carlo két
hgp vdi nhiéu thu vién dit lieu hat nhan, bao gom ENDF /B-VIIL0, JEFF-3.3, JENDL-5 va CENDL-3.2.

Trong quéa trinh phan tich cac cau hinh t6i han, két qua cho thay cac gia tri keg tinh toan bang thu vien
JENDL-5 nhin chung cao hon so véi gia tri thuc nghiém, trong khi cac thu vien ENDF/B-VIIL0, JEFF-3.3
va CENDL-3.2 ¢6 xu huéng cho két qua thap hon. Mic dit vay, cac két qua tinh toan st dung JENDL-5
cho thay mic do phit hgp cho viéc phan tich t6i han ctia 10 phan ting DNRR.

Thong qua phan tich do nhay clia cac phan ting hat nhan ddi v6i keg, luan an xac dinh cac phan tng c6
anh huéng 16n nhat dén hé sé nhan hieéu dung. Cac phan ting lam tang keg chil yéu bao gdm phan ting tong
va phan ting phan hach ctia U-235, cliing vdi cac phan ting tan xa dan hoi ctia H-1, C-nat, O-16, Al-27 va
Be-9. Ngudc lai, cac phan tng c6 xu huéng lam gidm keg chll yéu la cdc phan tng bat neutron ctia H-1,
U-235, Al-27 va U-238. Nhiing két qua nay nhan manh tam quan trong clia viéc xem xét k§ ludng cidc phan
ing trén trong cac nghién cttu tuong lai nham nang cao do chinh xac va hiéu qua clia cac phan tich neutron

hoc 1o phén tng.

Thong qua phan tich do bat dinh clia cdc phan ting 4nh hudng dén kg, luan an chi ra rang cic nguon déng
gép chinh vao do bat dinh clia keg xuat phat tit cac phan ting bat giit va tan xa dan hoi ctia H-1, cling véi
phan tng phan hach ctia U-235. Cac dong gop dang ké khéac dén tit cac phan tng lien quan dén Al-27, Be-9,
C-nat v U-238. Tong do bat dinh ctia keg khi sit dung céc thu vien dit lieu hat nhan ENDF/B-VIILO,
JENDL-5 va JEFF-3.3 lan lugt 1a 415.7, 363.0 va 588.0 pcm.

Cac thong s6 dong hoc duge danh gia dudi cac dieu kién van hanh khic nhau ctia 10 phan tng. Két qua
nghién ctiu cho thay Beg gidm dang ké theo miic chay nhién lieu, trong khi cac gia tri A va I, tang len. Viec
rit thanh diéu khién dan dén sy gidm ctia cac thong s6 dong hoc, trong khi sy gia ting nhiét do nhiéen lieu
hau nhu khong gay anh hudng déang ké. Nhitng két qua nay cung cap co s6 quan trong cho viéc danh gia
dic tinh dong hoc va phan tich an toan cta 1o phan tng DNRR.

Thong qua phan tich do nhay clia cac thong s6 dong hoc, luan an cho thay phan tng phat neutron tré

(delayed v) ctia U-235 ¢6 anh hudéng duong 16n gﬁé‘u dén feg, trong khi phan ting phat neutron tic thoi



(prompt v) ctia U-235 dong gop 16n nhéat vao sy gidm clia thong s6 nay. Két qua phan tich do nhay déi véi
he s6 nhan hiéu dung (keg) cho thay miic do nhat quan cao gitta cac thu vien dit lieu hat nhan duge danh
gia. Ngugc lai, cac két qua phan tich do nhay ctia phan tré neutron hieu dung (Beg) thé hién su chénh lech

dang ké gitta cac thu vien, phan anh sy khac biét trong viec xit 1y vi danh gia dit lieu neutron tré.

Thong qua phan tich do bat dinh clia cac thong s6 dong hoc, luan an chi ra rang cac phan ing tan xa dan
hoi ctia Al-27, Be-9 va H-1 1a nhitng nguon déng gép chii yéu vao do bat dinh ciia Beg. Cac déng gop dang
ké khac dén tit cac dong vi B-10, O-16 va C-nat. Két qua phan tich cho thiy ma tran hiép phuong sai la
ngudn goc chinh ctia cac do bat dinh nay. Do do6, viéc cai thién cac danh gia dit lieu tiét dien, dac biet doi
véi Al-27, Be-9 va B-10, la can thiét nham nang cao do chinh xac va do tin cay clia cac mo phong 1o phan
tng. Tong do bat dinh clia B¢ khi sit dung cac thu vien ENDF/B-VIILO, JEFF-3.3 va JENDL-5 lan lugt
la 1312.2, 1021.0 va 471.4 pcm.

Huéng nghién ciu tiép theo
Phan tich S/U sé dugc mé rong dé bao gom cdc thong s6 dong hoc nhu A va [, ciing nhu céc kich ban chay
nhién lieu, sit dung cic thu vien mdéi duge phat hanh nhu ENDF/B-VIIL.1 va nhiéu phan mém khéc nhau,

bao gom Serpent, trong cac diéu kién van hanh va chu k¥ nhién liéu khac nhau.

Ap dung phuong phép S /U dugc phat trién trong luan an cho Trung tam Khoa hoc va Cong nghé Hat nhan
(CNEST) nham ho trg thiét ké, van hanh va danh gid an toan.

Trong dai han, mé rong phuong phap phan tich t6i han va do nhay/bat dinh dit lieu hat nhan tir 10 nghién
citu sang cdc 10 phan ting mo6 dun nhé (SMR) va 1o dién hat nhan cong suat 16n, phuc vu cho céc nghién

cttu va tng dung an toan hat nhan tuong lai.
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