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TOM TAT
Trong vdan hanh nha may dién hat nhdn, viéc

dam bado an toan khi vdn hanh 1o la quan trong

nhdt. Chite néing ciia cdc nhém thanh an toan la dé

ddp 10 phan irng trong nhitng trirong hop khén cdp.
Bai bdo trinh bay két qua nghién ciru, xdc dinh gid
tri cac nhom thanh an toan SA, SB. Xdc dinh ham
heong Boron twong vmg véi moi nhém thanh an

todn dé dam bdo 1o phan vmg (LPU) hat nhan
OPRI1000 hoat ddng an toan trong sudt qud trinh
van hanh. M6 phong thuc nghiémtién hanh trén hé
mo phong 160 lo phan wng OPRI000 (CoSi
OPR1000). Két qua thyc nghiém thu duoc twong
déng véi két quda tinh todn ly thuyét voi nhom thanh
SA 1500 pcm, SB trén 4000 pcm. Gid tri néng do
Boron twong ung 134 ppm va 284 ppm.

Tir khéa: nong d Boron, 1o phan iing hat nhan OPR1000, hé CoSi OPR1000

MO PAU

Nang lugng hat nhan, mot nguén nang lugng
khéng khi thai CO,, ddi dao va gin nhu vé tan. Cho
téi nay, trai qua hon 60 nam hinh thanh va phat
trién, dién hat nhan d3 dan di vao cudc séng cua
con nguoi, cung cip khoang 12% san lugng dién
ning cua toan thé gidi [1], 12 ngudn ning lugng
quan trong dé cac qudc gia phat trién kinh t& mot
cach bén vitng bén canh nhitng ngudn ning lugng
sach khac.

Duéi sy hd trg tir M, tir nhitng nim 60 ciia thé
ky XX, Han Quéc da bit diu x4y dung va van hanh
10 nghién ctru. Pén nam 1978, nha may dién hat
nhén thuong mai d4u tién duoc dua vao hoat dong.
Cho dén nay, Han Qudc d3 hoan thanh chuong
trinh ndi dia hoa thiét bi nha may dién hat nhan, va
phat trién nhitng loai 16 m&i, tién tién ning cao hé
$6 an toan, tang cong suét van hanh, canh tranh suit
khiu véi cac cudng qudc trén thé gigi. OPR1000
(Optimized Power Reactor 1000) do Cong ty Thuy
dién va Dién hat nhan Han Qubc (KHNP - Korea
Hydro and Nuclear Power companylimited) ché

tao [2]. Lo OPR1000 1a loai 10 PWR c6 cong suét
12 1000 Mwe, Bang 1 trinh bay mot s6 thong sé cua
1o OPR1000 [2, 3].

LPU OPR1000 c6 tong cong 73 bo thanh didu
khién, trong d6 bao gdm 32 bo thanh didu khién véi
12 céu hinh sip xép, 41 b6 thanh diéu khién con lai
v6i 4 céu hinh sip xép.

Trong LPU OPRI100, cdc nhém thanh diéu
khién ding dé didu khién cong sudt LPU (R1 + R5),
trong d6 nhém R1 ¢6 3 nhom con, nhom R2 va
nhom R3 ¢6 2 nhom con, nhém 4 va nhéom 5 ¢é 1
nhém con (mdi nhém con cé it nhét 4 thanh didu
khién, khi van hanh thi déng b6). Nhom thanh diéu
khién tu dong (P1 va P2) diéu chinh phan b6 cong
suét theo tryuc z (théng dang) cua LPU.

Ngoai cac nhom thanh didu khién ké trén,
trong LPU con c6 nhom thanh an toan (SA — Safety
rod A va SB — Safety rod B) nhdm dua d6 phén tng
xudng am (trén 1000 pem) dé di dén dap 10 tirc thoi
[7]. Cac nhom thanh an toan duwgc mé ta & Bang 2,
Hinh 1.
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Bang 1. Thong sb chinh ctia hé théng 16 phan tmg OPR1000

Stt bic tinh Thong sb
1 S6 vong lam mat 2
2 Thé tich vong so cép, bao gdm ca binh diéu ap 3394 m’
3 Tébc d6 tai vong lam mat so cip 1.293 m? /phat
4 Ap suét van hanh 158,2 kg/cm?
5 Nhiét 36 nude lam mat di vao 10 2958 °C
6 Nhiét ¢ nude lam mat di ra 10 327,3°C
7 | Tdng thé tich binh diéu ap 51 m?
8 | Nhiét do/ap suét binh diéu ap thiét ké 371,1°C /175,8 kg/cm?
9 Chiéu cao hoat dong cua 16i 1o 381 cm
10 | S6 b6 nhién lidu 177
11 | 86 b diéu khién 73
12 Chu ky van hanh 12 ~ 18 thang
13 Nhién liéu U0,
Bang 2. Cac nhom thanh an toan
Nhom thanh Nhém con B6 thanh
2 6, 8,10, 12
A 3 7,9,11,13
5 18, 19, 20, 21
Nhém thanh an
toan 6 22,24, 26,28
B 7 23,25,27,29
9 34, 36, 38, 40
10 35,37, 39, 41

Hinh 1. Vi tri cdc nhom thanh an toan bén trong LPU OPR1000
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Dé thay dbi d6 phan tng, ngoai viéc thay dbi
vi trf thanh diéu khién, trong van hanh LPU PWR
ngudi ta con thay ddi ndng dé boric acid, vi vy s&
c6 sy phu thudc 13n nhau giita cic yéu td diéu chinh
d6 phan tng trong 16: Vi tri thanh diéu khién, ndng
d6 Boron.

He¢ théng mé phong kiém tra céc trang thai vat
1y & mirc cong sudt thap ludn dwoc phat trién song
song voi viéc xay dung nha may dién hat nhan
nhim muc dich tinh toan cac thong s vét Iy cia 10
phan Gng, kiém tra mirc d6 an toan khi van hanh 1o
phén (g, cac du bao rai ro. Cong ty KHNP da thiét
ké, ché tao hé mo phong 15i 10 OPR1000 - CoSi
Simulator OPR1000 (CoSi OPR1000). Bén nay,
thiét bi CoSi OPR1000 da cai tién qua 4 giai doan
nhim tién g?m dén gia tri van hanh thyc cua 10
OPR1000. Ngoai viéc khuyén cao an toan khi van
hanh 16 OPR1000, h¢ CoSi OPR1000 con lam
nhiém vu nang cao trinh do cho cac nhan vién van
hanh cua nha may dién hat nhan [4].

Trong khuén khé hop tac gitra Hiép hoi Hat
nhin Han Quéc (KNA -  Korea Nuclear
Association) véi Truong Pai hoc Pa Lat, h¢ mo
phong CoSi thé hé thir 4 da dugc tai trg, ddy 1a hé
duy nhat hién c6 tai Viét Nam.

CO SO LY THUYET VA MO PHONG THUC
NGHIEM
Co s6 1y thuyét

Thanh an toan trong LPU dugc cAu tao tir cac
vat liéu hép thu rit manh neutron. Khi cin sir dung,
n6 c6 thé dich chuyén dé dua vao bén trong 15i 1.
Dé diéu khién dap LPU, nhimng van dé quan trong
sau ddy lién quan dén cac thanh an toan trong 16
phan Gng [5, 6]:

D6 hiéu dung tong thé (trong luong) ciia ting
thanh, Apthann;

Su phu thudc cta d¢ hiéu dung tich phan cta
thanh vao vi tri nhung (ban kinh), r;

Su phu thudc cia do hi€u dung vi phéan va tich
phan cta thanh vao d6 sdu nhung, z;

Céc hiéu ung giao thoa ctia cac thanh;

Su thay ddi do hiéu dung cua cac thanh khi
chay nhién li¢u.

D6 hiéu dung téng thé (trong lwong) cta thanh
don 1¢, 1a phan trong lugng dugc nhing hoan toan
vao vung hoat, Apianh, Ap’mann=0 (tai z = H thi p =
0). Gié tri Apmanh duoc xac dinh gin dung trén co
s6 md hinh khuéch tan va 1y thuyét giao thoa qua
céc thong sd:

Ap"tranh = 7,5 M2 / [(R21)XIn(0.465 Ryn/Rivann™"€)](1)

trong d6: M2 1a dién tich dich chuyén, R, 1 ban
kinh viing hoat ctia LPU, Rinann™®"¢1a ban kinh hiéu
dung cua thanh, trc 1a ban kinh thuc cia thanh an
toan (khong xét dén ph?m din dong).

Trén thuc té, cac s6 liéu vé do hiéu dung téng
thé ctia thanh don 1¢ hodc ctia nhom cac thanh duoc
nha thiét ké LPU cung cép, con nhan vién van hanh
chi do céc dai lugng twong tng Ap"amn trong qua
trinh khéi dong 16 & cong suit khong.

Su phu thudc tich phan ctia d¢ hiéu dung téng
thé dugc xac dinh nhu 13 46 phan ing duogc dua vao
LPU khi thanh dugc dua vao/rit ra mot do sau z:

_Z 2 : (2)
AL (0 2) =[ P10 (O, HYD*(OZ)dlz
Gié tri d6 phan tng khi thay ddi vi tri thanh
diéu khién duogc tinh toan theo cong thirc sau:
AROCBC (ppmB) = Boronges(ppmB) +

Group Worth (pcm)
— " 3
{ o

Predicted DBW (22
ppmB

trong do:

Boronges: nong d6 Boron cia hé théng lam
mat d phan ung dugc do bdi Chemistry samples
(Diéu kién can b'img);

Group Worth: gia tri phin thanh diéu khién
dugc déy vao 16i LPU (gia tri dugc dy doan dua
trén vi tri nhom thanh tai diéu kién can béng
Boron);

Predicted DBW: gid triBoron vi phan
(differential Boron Worth) dugc du doan. Cac gia
tri DBW dugc trinh bay ¢ Bang 4.
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Bang 4. Gi4 tri DBW tai nhiét do 295,8°C, 4p suét 158,2 kg/em?A [7]

Truong hop Gia tri du doan Do léch chuén
j (ppm/pcm) (ppm/pem)
(Nhom thanh SB ¢ vi tri 190,5 cm -0,0727 +0,015
ARO -0,0842 40,015
R1 6 vi tri 190,5 cm -0,083 +0,015
R2 & vi tri 190,5 cm -0,081 40,015

Mo phong thwe nghiém

M6 phéng thuc nghiém duoc tién hanh trén hé s6 chinp cua 10 phan g, va (,:hé do S‘Iiéu chinh cac
md phong 15i 16 OPR1000. Giao dién cuia hé méd tham s0 cua 10 phan tng, ché d¢ hién thi 2D/ 3D.
phong g(‘”)m 3 man hinh hién thi vi tri cdc nhém Hinh 2, Hinh 3, Hinh 4, Hinh 5 trinh bay cac giao

thanh diéu khién va nhom thanh an toan, cac tham dién.

% i

Hinh 2. Giao dién thé hién vi tri c4c nhom thanh, cac thong sé cia 10 phan ting

rowcs Bar
v Tom woous

GROUP SELECT | 75 GROWP SELECT [ POIVOUAL CEA SELECTION
e eo 00
m'\" T

an) Gan)p $an) Gun) ¢u=)

Hinh 3. Giao dién diéu khién cic nhom thanh

Trang 180



TAP CHI PHAT TRIEN KHOA HQC & CONG NGHE:

CHUYEN SAN KHOA HQC TU NHIEN, TAP 1, SO 6, 2017

1ESLEIEE Trend Graph 20 Analysis 3D Analysis
Approach to Critical Power ) * Power * All Layer
Layerl
Ast L] Fast Flux
POAH Layer2

T_mod i Layer3
Layerd
Layers

Layer6

Thermal Flux
BEP

Boron il T_mod

mec Reactivity s

T_fuel

SELECT SELECT SELECT

MAKEUP Control @ Tmod Control

6000 (s

Bank Worth

000 e 02°CM | Heating

10 Umin 10 Umin

ivton P 02°C/M | Cooling

STOP sTOP

Hinh 4. Giao dién thay di cac thong s trong 10

Tién hanh mé phong thuc nghiém khao sat
anh hudng nhom thanh an toan SA, SB trong 10
phan ung OPR 1000. Khoi dong 160 phan ung
OPR1000, cac gia tri ban du duge dinh muc:
ndng d6 Boron: 1800 ppm, nhiét d6: 295,8 °C, ap
sut: 158,2 kg/cm?. S& di gia tri Boron ban dau 1a
1800 ppm vi ¢ gia tri nay, d6 phan ng nim trong
khoang -25000 pcm ~ -26000 pcm (Per cent Mille
~ 1079), day la gia tri tuyét ddi an toan ciia 10 phan
ung.

Pua 10 phan tng dat trang thai téi han & mirc
cong suat khong. Khi d6 do phan tng xap xi khong
va nhom R5 & vi tri 252cm. Rat nhém RS ra khoi
10 phan tmg ddng thoi bom Boron vao dé d¢ phan
ung duy tri & mirc khong ddm béo an toan khi van
hanh 16. Lin luot dua cic nhoém thanh an toan SA,

Hinh 5. Giao dién hé mo phong 16i 10 OPR1000 hién thi 3D

SB dén cac vi tri can khao sat dong thoi thuc hién
pha loang Boron dé duy tri trang thai t6i han ciia
LPU, dam bao an toan khi van hanh.
KET QUA VA THAO LUAN

Trong LPU c4c nhém thanh an toan (SA —
Safety rod A va SB — Safety rod B) 1a mot hé thong
quan trong cua 10 phan rng hat nhan. Ching hoat
dong va phan hdi mét cach tuc thoi khi 16 phan
mg xay ra su cb. Gia tri ciia cdc nhom thanh an
toan SA, SB dugc xac dinh bdi thuc nghiém va
dugc so sanh véi két qua tinh toan 1y thuyét dya
trén cong thire (3). Viée tinh toan dugc thuc hién
trong didu kién mirc cong sudt khong. TAt ca két
qua dugc tinh toan, so sanh va trinh bay ¢ Bang 5,
Bang 6, Hinh 6-8.

Bang 5. Su phu thudc d§ phan Gng vao vi tri nhom thanh SA va n6ng d6 Boron

Vi tri Nong bo Gia tri Gia tri Vi tri Nong bo Gia tri Gia tri
nhom do phan nhom nhém nhom do phan nhom nhém
thanh Boron ung thanh thanh thanh Boron ung thanh thanh
SA (trang (pcm) (pcm) SA (trang (pcm) (pcm)
(cm) thai téi | (tinhtheo | (tinh (cm) thi téi | (tinh theo | (tinh theo
han) thue theo ly han) thue ly thuyét)
nghiém) thuyét) nghiém)
381 1074,16 | 0,01 0,01 0,00 181 1032,78 | -0,01 |-563,43 -491,45
361 1072,30 | 0,02 | -20,67 -22,09 161 1023,28 | 0,00 |-698,47 -604,28
341 1069,97 | 0,02 | -47.85 -49,76 141 1011,65 | 0,00 |-853,78 742,40
321 | 1067,55 | -0,03 | -78,79 -78,50 121 997,22 | 0,03 [-1017,54 | -913,78
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301 1064,63 | -0,03 |-112,46 |-113,18 101 980,71 -0,02 |-1175,34  |-1109,86
281 | 106122 | 0,02 |[-153,57  |-153,68 81 964,17 | -0,02 |-1311,35 |-1306,29
261 | 1057,31 | 0,03 |-20947  |-200,12 61 951,19 | -0,01 |-141527 |-1460,45
241 | 1052,83 | -0,02 |-276,64 |-253,33 41 944,16 | -0,02 |-1483,35 |-1543,94
221 | 1047,29 | 0,00 |-349.44 |-319,12 21 941,59 | 0,02 [-1512,78 |-1574,47
201 | 1040,61 | -0,02 |-451,17  |-398,46 8 94098 | 0,00 [-151889 |-1581,71
Bang 6. Su phu thudc d6 phan tng vao vi tri nhém thanh SB va néng do Boron
Vitri | Nong Do Gia tri Gia tri Vi tri Noéng Do Gia tri Gia tri
nhom do phan nhém nhom nhom do phan nhom nhom
thanh Boron ung thanh thanh thanh Boron ung thanh thanh
SB (trang (pcm) (pem) SB (trang (pem) (pem)
(cm) thai t6i | (tinhtheo | (tinh (cm) thai t6i | (tinh theo | (tinh theo
han) thuc theo ly han) thuc ly thuyét)
nghi¢m) | thuyét) nghiém)
381 | 107421 | 0,01 0.01 0.00 181 1021,05 | 0,01 98236 | -63135
361 | 1071,14 | 0,00 35.67 36,46 161 1007,82 [ -0,03 | _j33838 | -788.48
341 | 1067,97 | 0,01 -78.10 74,11 141 990,58 | -0,01 | _1842.49 | -99323
321 | 106498 | 001 | 1556 | -109,62 121 966,58 | -0,03 | 553948 | -127827
301 1061,44 -0,01 —158,89 —151,66 101 935,11 -0,03 —3455,48 —1652,02
281 1057,37 0,00 -215,34 -200,00 81 892,80 -0,01 -4712,34 -2154,51
261 | 1052,65 | 0,01 | 58950 | -256,06 61 837,55 | 0,02 | 583958 | -2810,69
241 11047.20 1 0.03 | 38738 | -320,78 41 799.71 | 0,03 | 688535 | -3260,10
221 1104033 1 002 | 52636 | -402,38 21 790.88 | 0.03 | 731547 | -3364,96
200 1103170 1 <002 | 72049 | -504,87 8 790.05 | 0.02 | 743663 | -3374,82
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920
cm

A)
Vi tri nhom thanh SA va néng do6 Boron tGi han

ppm

cm

B)
Vi tri nhém thanh SB va néng d0 Boron t41 han

Hinh 6. Vi tri nhém thanh an toan SA, SB va néng d6 Boron t6i han ting véi mdi vi tri

Gia tri n6ng d6 Boron ung vai toan bd chiéu
dai nhém thanh SA khoang 134 ppm. Khi dua tir
tir nhom thanh an toan SA vao 16 phan tmg, dé duy
tri trang thai tdi han cta 10 phan ung, phai pha
lodng ndng d¢ Boron tuong tng.

Ung voi nhom thanh SB, gi tri ndng do
Boron twong Ung vdi toan bd chiéu dai thanh
khoang 284 ppm, ndng do Boron tuong tng phai

—&—Ly thuyét

Hinh 7. D4 thi mdi lién hé giita vi tri va gid tri nhom
thanh SA

Gia tri nhom thanh SA khoang 1581 pcm va
gi4 tri nhém thanh SB khoang 3374 pem, dé dam
b4o an toan 16 phan tng khi xay ra sy ¢ khan cép,

pcm

giam din dé duy tri trang thai toi han cia 10 phan
ung.

So sanh két qua giita 2 trudong hop ta thiy, do
hap thu neutron ctia nhom thanh an toan SB 16n
hon d6 hép thu neutron cia nhém thanh an toan
SA vi gia tri nf”)ng d6 Boron tng v&i nhém thanh
SB hon gip d6i so v6i nhom thanh SA

—a—Thucnghiém —e—Lythuyét

Hinh 8. D4 thi mdi lién hé giita vi tri va gid tri nhom
thanh SB

gia tri cac nhom thanh an toan phai rét cao (vai
ngan pem) dé phan hdi va ngan chin mét cach tirc
thoi.
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béi véi gia tri nhém thanh SB, nhom thanh
nay duogc cAu tao boi 16 thanh, vi vay do héip thu
neutron ctia nhom thanh SB 16n nhit so véi cac
nhom thanh con lai. Thuc té khi dua toan bd nhom
thanh SB vao trong 151 10 phan ng, gia tri nhém
thanh 1én toi 7400 pem so v6i tinh toan 1y thuyét
3400 pem. Viée tinh toan 1y thuyét gia tri thanh SB
dé dam bao an toan 16 phan tng chi khoang 3400
pem d6 13 mirc an toan khi xay ra su ¢b, tuy nhién
thuc t& nha thiét ké gia ting do an toan cta 16 1én
mic cao nhat c6 thé nén ho bu vao moét khoang
gAp d6i gié tri can thiét cua nhém thanh SB.

KET LUAN

Két qua gia tri cdc nhom thanh an toan SA, SB
cua 10 OPR1000 d3a dugc xac dinh bf“ing viéc do
dac thyc nghiém (mé phéng) dira vao thong sb
thuc ctia nha may dién hat nhan Shin-Kori 1 két
hop véi viée tinh toan 1y thuyét. Nghién ciru nay
da tién hanh khao sat danh gia anh hudng cac
nhom thanh an toan cua 16 phan trng OPR1000,
dam bao van hanh an toan 10, ngan chan sy ¢b, cho
thiy viéc ung dung hé thiét bi CoSi OPR1000
trong mo phong 16i 10 phan ing OPR1000 va dua
ra cac du bao cho van hanh thuc cua nha may dién
hat nhan OPR1000.

Determination of the safety rods (SA, SB)

for optimized power reactor 1000 using the
Core stmulator OPR1000

e Nguyen An Son
e Tran Trung Nguyen
ba Lat University
ABSTRACT

In order to operate a nuclear power plant,
ensuring safety is the most important factor. The
Sfunction of safety rods are to shut down the reactor
in case of emergency. The purpose of this paper to
show the result of research and determine the
value of safety rods SA, SB. Determination of the
Boron concentration corresponding to each group
of safety rods of OPRIO00 nuclear reactor

ensures the safely in the whole operation process.
Experimental simulation is carried out in the
system simulating core reactor OP1RI1000 (CoSi
OPRI1000). The expermental result corresponds
with the theoretic calculated result of Sa and Sb
with 1500 pcm, 4000 pcm. The concentrations of
Boron appropriately are 134 ppm and 284 ppm,

respectively.

Keywords:Boron concentration, OPR1000 nuclear reactor, CoSi OPRI1000 system
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