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TOM TAT
Bai bao khdo sat su thay doi cong sudt cia 10 phan ing nuéc ap luc (PWR) khi
thay d@di Vi tri ciia cdc thanh diéu khién. Thuc nghiém duwoc tién hanh md phdng bang
phan mém e-CORSIM. Két qua md phéng cho thdy thoi gian hoar déng 10 cang dai
thi vai tro cia cdc thanh diéu khién cang quan trong trong viéc diéu khién cong suat.
Ngoai ra, Vi tri Ciia cdc thanh diéu khién trong 10 phan ing anh hwéng dén phan bé
cdng sudt giira nira trén va niza dudi cua 10.
Tir kh6a: Phan mém md phong e-CORSIM, cdng sudt, vi tri thanh diéu khién,

10 phan ng
1. Mé dau

Nha may dién hat nhan dau tién trén
thé gigi san xuat dién thuong mai duoc
xay dyng vao nam 1954 tai Obninsk,
Lién Bang Nga. Theo thong ké cua Co
quan Ning lugng Nguyén tir Quéc té
IAEA (International Atomic Energy
Agency), cho dén nay c6 tong cong 449
10 phan tng dang hoat dong tai 30 qudc
gia va c6 54 10 phan tmg dang trong qua
trinh xdy dung [1]. Nang luong hat
nhan duoc danh gia 1a ngudn ning
lugng sach, c6 hiéu suat cao, cong nghé
ché tao ngay cang dugc hién dai hda
dam bao tinh an toan va la mét trong
nhitng giai phép giai quyét nhu cau
nang luong dién hién nay trén toan cau.

Pé dap tng nhu ciu phét trién
ngudn nhan e, cac chuong trinh gido
duc va dao tao vé céng nghé hat nhan
s dung nguyén tic md phong duoc

1Tru(‘)rng Pai hoc ba Lat
Email: hantn@dlu.edu.vn
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thiét 1ap & nhiéu nudc trén thé giéi, dac
biét 1a cac nudc dang stir dung dién hat
nhan. Nhirng mé phong nay hoat dong
trén may tinh ca nhan va cung cap cho
nguoi st dung nhirng ky nang co ban
trong van hanh nha may dién hat nhan
nhu khao sat cdng suat, tinh toan do
phan mg, thay d6i vi tri cac thanh nhién
liéu, thanh diéu khién. ..

E-CORSIM  (Educational Core
Simulator) 1a hé¢ mé phong thiét ké 16i
16 dugc phat trién va sir dung tai Vién
nghién ctu Nang lugng Nguyén tir Han
Quéc (KAERI) véi muc dich tinh toan
céc thong s6 10 phan ung, tir d6 dua ra
nhitng khuyén céo phu hop dé ¢am bao
an toan khi van hanh. Hé md phong e-
CORSIM duoc st dung cho 10 phan
ung nudc ap luc (PWR — Pressurized
Water Reator) — la loai 10 duoc stir dung
rong réi nhat trong cac nha may dién hat
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nhan, véi 300 10 hoat dong hién nay
trén thé gioi [2]. Cac thong sb, sé liéu
ciia e-CORSIM duoc Iy tir sé liéu van
hanh (sé liéu thuc) cia nha may dién
hat nhan Yonggwang 3 [3]. Nam 2017,
Vién KAERI di tai trg phan mém mo
phong e-CORSIM cho truong Dai hoc
Pa Lat.

Trong bai b4o nay, su thay ddi cong
suat 16 phan ung theo vi tri thanh diéu
khién str dung hé mé phong e-CORSIM
sé dugc khao sat.

2. Phwong phap nghién ciru

2.1. Co 56 |y thuyét

Hé s6 nhan hiéu dung 1a thudc do
su thay d6i s luong neutron & hai thé
hé ké tiép nhau va duoc biéu dién theo
cong thuc:

(1)

Trong d6: n,la sb neutron trong
mot thé hé; n, la s neutron trong thé
hé trudce do.

Pé mo ta su thay ddi trang thai cua
16i 10 phan ing, thay vi diing hé s6 nhan
hiéu dung, mot thuat ngir duoc goi 1a do
phan ung duoc st dung. P6 phan ung
p duoc xac dinh theo hé s nhan hiéu
dung k, trong phuong trinh sau:

k,—1

eff

K

p= (2)

eff

Do phan ung dugc sir dung nhu mot
phép do do léch cua 10 phan ung so véi
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trang thai tai han. Trong qua trinh van
hanh 10 phan Gng hat nhan, hé sé nhan
hiéu dung can duoc duy tri bang 1, con
d6 phan @ng bang 0, tc 1 ¢ trang thai
tai han. Ngoai viéc sir dung boron dé
diéu chinh va diéu hoa do phan ung,
ngudi ta con thyc hién diéu khién bang
co hoc, tuc 12 st dung cac thanh diéu
khién trong viéc thay d6i do phan tng
dé giam hoic nang cbng suit, dua 10
phan tng vé giai doan hoat dong on
dinh. Mot thanh diéu khién co thé duoc
rat ra khoi hoac chen vao vung hoat cua
10 phan tmg dé kiém soat thong lugng
neutron trong 0.

Trong 10 phan tng hat nhan, cac
thanh diéu khién dugc két ndi lai theo
trng nhom. Mot 10 phan ung phat dién
dién hinh co6 thé c6 50 hoic 60 nhém
thanh diéu khién, mdi nhém chua
khoang 20 thanh [4]. Cac thanh diéu
khién duoc ché tao boi mot chét hap thu
neutron manh, théng thuong cac hop
kKim cua cadmium, indium, Dbac,
hafnium hoac thép cé chira boron duoc
str dung.

2.2. Phin mém mé phong e-CORSIM

Trong bai bao nay, qua trinh khao
sat duoc tién hanh trén phan mém mo
phong e-CORSIM [3]. Hinh 1 m0 ta
giao dién ban dau caa phan mém. Giao
dién chon lya cac bo thanh nhién liéu
dugc minh hoa ¢ hinh 2.
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Hinh 1: Giao dién han ddu cua " Hinh 2: Giao dién chon lya
phan mém e-CORSIM cac b6 thanh nhién ligu
Phan mém e-CORSIM duoc si  céch bd tri cac b thanh nhién ligu trong

dung cho 16 nuéc &p luc, c6 tong cong  mot chu trinh. Céc bo thanh nhién liéu

177 b6 thanh nhién liéu trong 16i 10  cung loai dugc phan bd mot cach ddi

duoc chia theo céc loai ¢6 d6 giau cho Xng qua tam cua 16i 10 phan tng.

boi bang 1 [3]. Hinh 3 biéu dién vi du

Bang 1: Tong hop cac logi bé thanh nhién ligu

_ P9 giau U-235, % Loai bo P9 giau U-235, %
Loai b6 thanh - - — - - =
ohien lieu Binh Vung’glau t_hAanr_lA Binh Vungrglau
) thwong thap nhién li¢u thwong thap
A0 1,30 GO 4,10 3,62
BO 2,37 Gl 4,11 3,62
Bl 2,36 1,30 G2 4,12 3,61
B2 2,37 HO 4,52 4,00
Co 2,87 2,35 H1 4,50 4,00
C1 2,87 2,36 H2 4,50 4,00
DO 3,35 2,87 Jo 4,48 4,00
D1 3,36 2,85 J1 4,48 4,00
D2 3,35 2,87 J2 4,48 4,00
EO 4,08 3,61 KO 4,49 4,00
El 4,08 3,61 K1 4,48 4,01
E2 3,60 3,11 K2 4,48 4,01
DS 3,35 2,85 K4 4,48 4,00
FO 4,11 3,59 K5 4,48 4,00
F1 4,11 3,59 K6 4,48 4,00
F2 4,11 3,59
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Loai b6 thanh

nhién ligu 0 lUomE
A0 1
BO 20
Bl 8
B2 16
o 12
c1 32
DO 12
D1 8
D2 24

Hinh 3: Céch bé tri cac bo thanh nhién liéu trong mét chu trinh

Céch phan b cac nhom thanh diéu khién va cac nhom thanh an toan duoc mo
ta & hinh 4.

1867

5 - Nhém thanh diéu khién dwgc dra vao diu tién (R5) 1 1 1
4 - Nhém thanh diéu khién thi hai (R4)
3 - Nhom thanh diéu khién thit ba (R3) : : i : : ’
2 - Nhom thanh diéu khién thit fr (R2) 3 s s s 5 3 3
1 - Nhom thanh diéu khién thi 5 (R1) 5 : - ; - : - .
B - Nhom thanh dip 16 B . . . s . . . 1,
A - Nhom thanh dip 16 A
P - Nhom thanh an toan P : F F : : : #
§ - Nhom thanh du' phfmg ] z E 2 H u
1 1 15

I

Hinh 4: Phan bé nhom thanh diéu khién va nhém thanh an toan
2.3. M6 phéng thuc nghiém cho thdy cach sip xép cac bo thanh
Trong nghién ctu nay chu trinh nhién liéu & géc mot phan tu cua 16i 10
nhién liéu dugc bd tri nhu hinh 5. G phan @ng.
day phan mém mé phong e-CORSIM
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@ =-CORSIM - X

- NEWFUEL

- 1/4 REACTOR CORE MODEL
H J 3

K L n N P R AXTAL
BATCH 1D ENRICHMENT
H2 n ke 2 H2 K2 2 H2 CUTBACK
Les (2)|388 (v - Pos (2)|Res (2)] - kes (2)[nes (2) Ko 4.5 ]
Blaraa 22745 e .71 [31.847 |45 13839 |39.065 .
os2e2| tassp| 12489 yoms|  neers| 13991 gsen| easm K 450 YEs
n i) H2 1 2 He ks ) K2 4.50 YES
109 (e)(N13 (2)|M11 (o) (P8 (2)|Noe9 (&)[naz (3)] - RE9 (2)
9| 22.728 12.186 48.174 19.859 22.760 31.283 4.59 13.464 I 4.59 Yes
1.542| 12758 e.9ee2| 1.a766| 11418 1.eva3| 1242[  peim K3 4.50 YES
[ H2 3 1 K4 ET) 3 H2 K6 4.50 YES
- L12 (@] - Les (3} - Pl (3)] - Hi1e (e)
10| 4.50 40.162  [4.50 2.6 |4.50 15.724 | 4.50 39.272
EFPD : 1.2089|  p.gaep | LEMB|  q.1049| 1.2883] g opp PPAS0|  6.3500 e
2 n 1 H Ho 32 )
Single Run Pe8 (1)|k24 (2)|311 (1)|mee (3)|n11 (1)|mM12 (@) - - REFUEL
120731 (18855 2718 (33727 | 3223 (21367 | 4.5 v CYCLE BATCH ID POSITICN BURNUP SYMMETRY
10479 14758 1.1424| e.974a| 1.eese| 1.emue| 8988 J 6 1 P og 20.731 12(H_14)
H2 2 ke H 3 KL HL
EFPD : 38
EN ses (1|11 @) - L @ - _ Wi @) 5 2 H_14 20.731 12(P_08)
Cycle Depleion 12|31887 |28 |ase 32122 (4.5 2.50 27,607 7 5 1 109 22.760 12(1.13)
cle Depletion 2 . =
1.2856 12073 1.e1:
1.ee76| 1.13% 1.0033 2.3859 s 2 1o 23,030 2206_e8)
K2 Ho ) 2 K1 H2
- M3 (ufeae (1) e 2y - K18 (e) v 6 12 L1 22.451
13
+.50 21245 [15.882 22,850 |45 37432 ~C = 113 o 1201.09)
13681 o773 1.2672| 1eees| 1.013| e
v 6 2 K_08 23.039 2(H_10)
12 5 3 [ H
ke (1) - - - k12 (2) J 6 2 M2 21.807
14123.029 |4.58 2.5 4.50 37501
v 6 n ] 13.059 J1(K_14)
puogzy| 22| 1302 e oo . o
S e [ n 11 22.715 J1(L_69
i = = BORON (PPH) : 1228.508 K6 @
N nes (1)|315 (2)|K12 (B) EFPD. 5 0.000 = 58" v 6 1n K 14 19.055 J1(P_18)
35.065  |13.258 | 33.333 . 4.5 .
T Y ! a0 J 6 n Lo 22.633 1(3_11)
0.3516|  MAXIMUM FR:  1.5123
v 6 n 1,99 22.746
v 1 P11 15.744 0(L_14)
v 6 J 114 15.684 8(P_11)
v 6 7 R_09 13.464 8(3_15)

Hinh 5: Céch sap xép b6 thanh nhién liéu diroc sir dung dé md phong

Tién hanh khao sat ba truong hop
diéu chinh coéng suat khac nhau cua 10
phan &ng: bang cach thay doi vi tri thanh
diéu khién ¢ dau va & gira chu trinh
nhién li¢u (truong hop 1 va 2 twong (nQ)
va bang cach st dung ca thanh diéu
khién va boron & dau chu trinh nhién
liéu (truong hop 3). Thoi gian khao sét
cho méi truong hop 1a 57 gio.

Trong mdi trudng hop, cong suat
dugc thay doi theo nhiing khoang thoi
gian giéng nhau (3 gio), hon nira sau
khi ting hodc giam, cdng sut s& duoc
duy tri 6n dinh tai d6 truéc khi chuyén
sang muc cong suat ké tiép. Tién hanh
thay d6i cong suat tir 100 % xubng 50
%, sau d6 tré vé 100 % nhu hinh 6.

C?'\ 188
<
uld )
ﬁ
g
Q&
v

3. Két qua va thao luan

Két qua md phong vi tri thanh diéu
khién theo thoi gian wng vai su thay doi
cdng suat nhu hinh 6 dugc thé hién qua

That gian (Gid)

Hinh 6: Biéu do su thay doi cong sudt

hinh 7. Bé giam cong suat cac thanh
diéu khién co xu hudng duoc chén vao
106 phan ¢ng, nguoc lai mudn cong suat
tang thi cac thanh diéu khién can phai
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dugc rut ra khoi 16. Tu hinh 7a va 7b
cho thay so véi thoi diém dau chu trinh
thi & gitra chu trinh nhién liéu cac thanh
diéu khién dong gop vai tro 16n hon va
duoc chén vao sau hon, dac biét nhom
thanh R3 tham gia sém hon vao viéc
diéu khién cong suit (sau 25 gio thuc
nghiém ¢ gitra chu trinh so véi 34 gio
tai dau chu trinh), do cac thanh phan

0 6 12 13 24 30 36 42 48 54

450
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200 \ /
—
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50

Vitri thanh didu khidn (om)

12 18 24 30 36 42 48 54

Théi gian (Gi&)

c)

kiém soat 16 phan tng giam khi 10 chay
duoc nira chu trinh.

Khi c6 su tham gia cuaa boron cac
thanh diéu khién it chén sau hon hai
trudng hop con lai (hinh 7¢). Bong thoi,
trong qué trinh diéu khién khong can
dén sy c6 mat caa nhém thanh R3. biéu
nay dam bao an toan hon trong truong
hop khan cap.

400
hY
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300 \ \\ /
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200 \
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\___/'\VA_ /

Vi tri thah didu khign (em)

/
=

54

L
=]

[=]

24 30 36 40
Thot gian (Gid)

48

b)

= Nhém thanh diéu khién RS
=  Nhém thanh diéu khién R4
Nhém thanh didu khién B3

Hinh 7: Vi tri thanh diéu khién ¢ triong hop 1 (a); trieong hop 2 (b)
va truong hop 3 (C)

Pé so sanh su thay doi do sau cua
thanh diéu khién & mdi thoi diém van
hanh trong 16 phan tng, do dich chuyén
thanh diéu khién so véi tong do dai
thanh duoc tinh theo cong thuc sau:

X, - X

AX (%) = 1.100  (3)

Trong d6: AX 1a do dich chuyén
(%); X, 1a vi tri thanh diéu khién trong

99

10 phan tng tai thoi diém hién tai (cm);
X, , 1a vi tri thanh diéu khién trong 10
phan tng tai thoi diém lién ké trude do
(cm) so voi day lo; L la d6 dai cua
thanh diéu khién (L = 381 cm).

Hinh 8 biéu dién két qua thuc
nghiém cua do dich chuyén thanh diéu
khién trong 10 phan tng.
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Hinh 8: D¢ dich chuyén thanh diéu khién trong 16 phan ing ¢ triong hop 1
(a); truong hop 2 (b) va truong hop 3 ()

Do dich chuyén c6 gia tri dwong khi
thanh diéu khién duoc rdt ra va cé gia
tri am khi thanh duoc chen thém vao 1o
phan &tng so véi vi tri cua nd ¢ thoi
diém lién ké trude do. Po dich chuyén
bang khdng khi vi tri thanh diéu khién
khong doi.

Trong mot s6 giai doan c6 hai
nhom thanh diéu khién di chuyén déng
thoi véi d6 dich chuyén nhu nhau, co
thé quan sat duoc qua Sy tring nhau cua
hai duong ¢ cac giai doan do qua hinh
8. Khi chi c6 mot nhém thanh dong vai

100

tro diéu khién cbng suat thi do dich
chuyén cia nhoém thanh nay ¢ nhiing
giai doan d6 16n hon so véi cac giai
doan c6 su tham gia cua hai nhom.

Qué trinh dich chuyén thanh diéu
khién 1én xubng doc theo chiéu cao cua
16i 10 phan tng gay ra su chénh léch
cong suét giira ntra trén va nira dudi cua
161 10. Pai lugng dac trung cho su
chénh léch nay goi la offset doc truc (hé
s6 AO — Axial Offset). Két qua mo
phong cho biét hé s AO trong ca ba
truong hop nhu hinh 9.
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He 86 AO (%)

—+—Trromg hop 1
—=—Trromg hop 2

Trwong hop 3

0 6 12 18 24 30 36 42 48 34
Théi gian (Gid)

Hinh 9: Sir thay déi hé s6 AO theo thoi gian

Tu hinh 9 thdy rang su phan bé
cong suat xay ra khéng dong déu trong
treong hop 2 so véi hai truong hop con
lai do c6 su chén sdu hon cua thanh
diéu khién o trong 10 phan ung. Sau khi
tién hanh thuc nghiém 24 — 30 gio hé s6
AO ¢ trudng hop 2 dat 20 %, gap doi va
hé s nay gap ba lan (sau 45 gio) so véi
hai truong hop con lai.

4. Két luan

Sy thay ddi cong suat 10 phan ung
theo vi tri thanh diéu khién duoc tién
hanh khao sét trén phan mém mé phong
e-CORSIM. Két qua mé phong cho
thdy thoi gian hoat dong 10 cang dai thi
vai trd ciia cac thanh diéu khién cang
quan trong théng qua sy xuat hién cua

nhiéu nhém thanh hon trong viéc diéu
khién cong suat. Trong thuc té, kém
theo phuong phap st dung thanh diéu
khién, nguoi ta két hop diéu chinh nong
do boron trong van hanh 10 phan ang.
Ngoai ra, vi tri cta cac thanh diéu khién
trong 10 phan tng anh huéng dén phan
b cong suat gitra nira trén va naa dudi
cua lo.

Phan mém mo phong e-CORSIM la
cbng cu hiru ich cho céng tdc nghién
ctru va dao tao, v6i muc dich cung cip
cho ngudi st dung nhing kién thic, ky
nang thiét ké va van hanh 18i 10 phan
tng hat nhan, gép phan dap ung viéc
dao tao ngudén nhan lyc vé hat nhan
trong tuong lal.
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SURVEY ON THE CHANGE OF POWER REACTOR
BY THE CONTROL ROD POSITION USING
THE E-CORSIM SIMULATOR
ABSTRACT
The paper surveys the power change of the Pressurized Water Reactor (PWR) by
changing the position of control rods. The experiment was simulated by e-CORSIM
software. The results showed that the longer operating time, the more important the
role of the control rods in controlling power. In addition, the position of the control
rods in the reactor affects the power distribution between the upper and lower halves
of the reactor.
Keywords: e-CORSIM simulator, power, control rod position, reactor
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