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TOM TAT

Lo phdn #ing hat nhan OPR1000 1a logi 10 nudc ap luc, dung neutron nhiét duy tri phdn ng
phan hach. Do dé, théng lirong neutron nhiét rat dwoc quan tam trong qua trinh nghién citu, thiét
ké xay dung Va vdn hanh nha mdy dién hat nhan. Bai bao nay trinh bay két qua khdo sét thong
lirong neutron nhiét thay déi theo thoi gian khi 16 phan iing hat nhan OPR1000 & trang thdi dudi
t4i han, téi han va trén téi han. M6 phdng thuc nghiém duroc tién hanh trén hé Core Simulator
OPR1000. Két qud tinh toan Ii thuyét va mé phong c6 su tiong dong tot véi do léch nho hon 2,1%.

Tar khéa: thdng lugng neutron nhiét, 10 phan (ng hat nhan OPR1000, hé¢ Core Simulator
OPR1000.
ABSTRACT

Survey of thermal neutron flux of opr 1000 nuclear reactor
by CoSi OPR1000 simulator

OPR1000 nuclear reactor is pressurized water reactor, which uses thermal neutron to keep
up nuclear fission. Therefore, thermal neutron flux is very important for investigating the design,
construction and operation of such type of nuclear reactor. This paper introduces some research
results of thermal neutron flux calculation and simulation of OPR1000 nuclear reactor at sub-
critical, critical and super-critical operating states. Simulated results have been carried out on
OPR1000 Core Simulator. The results showed a good correlation between the theoretical
calculation and the simulation with the deviation smaller than 2,1%.

Keywords: thermal neutron flux, OPR1000 nuclear reactor, Core Simulator OPR1000.

1. Téngquan

Trai qua hon 60 nim phét trién, dién hat nhan d4 tro thanh ngudn ning luong quan
trong cua thé gidi. Hién nay, dién hat nhan cung cip khoang 11% [1] ngudn dién trén thé
gi6i, dién hat nhan dugc danh gia 1a ngudn nang lwong sach va gan nhu vo tan. Céng nghé
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ché tao ngay cang hién dai ¢&am bao tinh an toan ngay cang cao. Do d6, nhiéu nudc trén thé
gi6i dang quan tam toi phat trién dién hat nhan nham dap tng nhu cau niang lugng giai
quyét van d& moi truong ciing nhu bai toan kinh té.

Han Quéc l1a mot trong nhitng qubc gia phat trién dién hat nhan tir ¢au thap nién 70
caa thé ki XX. Nha may dién hat nhan dau tién cia Han Quéc 12 loai 106 phan tmg nudc ap
lyc (PWR — Pressurized Water Reactor) do Cong ti Westinghouse (M) ché tao. Bén nhitng
nam 1980, Han Qudc bét dau trién khai chuong trinh noi dia héa thiét bi nha may dién hat
nhan véi muc dich chu dong cdng nghé, ting hiéu suat s dung va giam thiéu tac dong toi
mdi trudng. Trong qué trinh ndi dia hoa nha may dién hat nhan, Han Quéc da phat trién
thanh cong loai 10 cai tién OPR1000 (Optimized Power Reactor 1000) do Céng ti Thuy
dién va Pién hat nhan Han Quéc (KHNP - Korea Hydro and Nuclear Power Company
Limited) ché tao [2]. Lo OPR1000 Ia loai 16 PWR c6 cdng suat 1a 1000 MWe, sir dung
nudc thuong dé 1am mat 16i 10 phan ¢ng. Bang 1 trinh bay mot sé thong sé cua 10
OPR1000 [2, 3].

Bdng 1. Mét s6 thong sé cua 10 phan iing OPR1000

Stt Pic tinh Thong sb Stt Pic tinh Thong sb
1 Chiéu cao toa nha 1o (ft) 216 9 Nhién li¢u uo,
2 DPuong kinh tda nha 10 (ft) 144 10  Khéi lwong 1 vién nhién ligu (g) 55
. P buong kinh vién nhién li¢u
3 CoOng suat nhiét (MW,,) 2815 1 0,325
(inch)
4 Ap suét van hanh (psia) 2250 12 Chiéu cao vién nhién liéu (inch) 0,390
Nhiét do nude 1a at di vao 10 ‘
5 (°F)¢ ¢ o fam mat & vao 564,5 13 Sévién nhién ligutrong I6i 16 5000000
Nhiét @6 nudc l1am mat di ra 10 . .
6 CF) 621,2 14  Chiéu cao nhién liéu (inch) 150
. Duong kinh bén t 1a 16i 16
7 b b6 nhién ligu 177 15 wongrinnbenirong cua forio 5
(inch)
8  Kiéu b6 nhién liéu 16x16

O 16 OPR1000, viéc sap xép cac bo nhién liéu duoc thyc hién quanh hinh try, theo vong
tron dong tam, do giau cua cac bo nhién liéu khac nhau. Hinh 1 mé ta cach sip xép [3].
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Hinh 1. Phan bé va dé giau c&c b6 thanh nhién lidu cia 16 phan izng OPR1000

Lo phan wng OPR1000 c6 177 bé thanh nhién li¢u, trong d6 45 bo thanh nhién liéu
c6 do giau 1,28%, 44 bo thanh nhién liéu c6 do giau 2,35%, 44 bo thanh nhién liéu c6 do
gidu 2,84%, va 44 bé thanh nhién lidu co do gidu 3,33%. Viéc sap xép, phan bd cac bo
nhién liéu c6 do giau khac nhau dan t&i mai 10 phan tng c6 cac thong sé nhu théng luong
neutron, phan b cong suat... khac nhau & tirng vi tri bén trong 16 phan tng.

Core Simulator OPR1000 (CoSi OPR1000) la hé thong mé phong da dugc phat trién
dé nang cao ki ning chuyén gia quan |i hoat dong 106 OPR1000 véi cac quy trinh thu
nghiém vat |i tai cong suat khéng (Zero Power Physics Test - ZPPT). ZPPT co ban bao
gom ba quy trinh thir nghiém chinh 1a: xac dinh muc boron téi han (boron end point -
BEP), xac dinh nhiét d6 phan tng dé do hé sé dang nhiét (isothermal coefficient - ITC),
xac dinh gié tri cia cac nhom thanh diéu khién va an toan. Cac két qua thuc nghiém trén
Core OPR1000 nham tham chiéu. so sanh v&i s6 liéu van hanh 16 OPR1000 [7].

Dé khuyén céo khi van hanh 10 phan @ng va giam chi phi van hanh, méi loai nha may
dién hat nhan luén c6 mot hé md phong, tinh toan céc thdng sé vat li caa 10 phan tng. Véi
loai 16 phan &ng OPR1000, Cong ti Pién lyc Han Quéc KEPCO (Korea Electric Power
Corporation) va Cong ti KHNP da thiét ké, ché tao hé mé phong 16i 10 OPR1000 - Core
Simulator OPR1000 (CoSi OPR1000). Cac thong sd, sb liéu cia CoSi OPR1000 duoc ldy
tir s6 liéu van hanh (sé liéu thuc) caa hai nha may dién hat nhan Shin-Kori 1 va 2 [4]. Bén
nay, thiét bi CoSi OPR1000 d cai tién qua 4 giai doan nham tién gan dén gia tri van hanh
thuc ciia LO OPR1000. Ngoai viéc khuyén céo an toan khi van hanh Lo OPR1000, hé CoSi
OPR1000 con lam nhiém vu nang cao trinh d6 van hanh cho cac nhan vién cua nha may
dién hat nhan.
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Tai Viét Nam, trong khudn khd hop tac gitra Hiép hoi Hat nhan Han Quéc (KNA -
Korea Nuclear Association) voi Trudng Dai hoc Da Lat, hé md phong CoSi thé hé thu 4 d&
duoc tai trg, day 1a hé duy nhat hién c6 tai Viét Nam.

2. Co sé li thuyét va mo phéng thwc nghiém
2.1. Co sé li thuyét

Dé phan tich sy phu thudc cia dong neutron trong 10 phan tng va cac danh gia can
thiét trong thue té van hanh 10 phan ang, thuong sir dung nghiém cua hé phuong trinh dong
hoc dbi véi mot nhdm céc neutron tré va cac neutron tuc thoi [5, 6]:

d(t) = Ay exp(wyt) + Asexp(w;t) 1)

O day: Ao, A 1a céc hang s6 tich phan tdy Y, duge xac dinh tir cac diéu kién ban dau.
Dang tudng minh Ao, A; ,mq , ®; trong phép gan dung dong hoc diém va cho mot nhom
neutron tré, dung cho p < 0,9p:

%:) =~ [ﬁexp (;Tpp t) — ﬁ’%pexp (_%t)] (2)

O day: @, d(t) twong (ng 1a thong luong neutron nhiét tinh trung binh trong toan bo
thé tich 18i 10 phan &ng tai thoi diém khi bat dau xét (t = 0) va tai thoi diém t, p 1a d6 phan
__B
o (BN
phan ra cia neutron tré thu i, I, 1 thoi gian séng ciia neutron tic thoi [5, 6]. Vi 10 phan
tmg OPR1000, cac tham s Bi, Ai, kt cho & Béang 2.

Béing 2. Mot s6 tham s6 dong hoc 10 phdn irmg OPR1000 [7]

tng, B = X%_, B;,pi 1a ti phan riéng cta cac neutron tré thi i. A = i 1a hang sb

Nhom neutron tré Bi Ai (1/giay) ly¢ (gidy)
1 0,24207x107® 0,12730x10™
2 0,14310x10 0,31744x10™
3 0,13105x10° 0,11791x10° .
4 0,28801x107 0,31749x10° 28,210
5 0,10248x1072 0,14025x10*
6 0,71304x107 0,39224x10*

Cong suat 16 phan tng duoc xac dinh boi cong thirc sau [5, 6]:
P=EZX; [ ¢pdV

3)

Théng luong neutron nhiét tinh trung binh trong toan thé tich I3i 10 phan tung dugc

cho boi [5]:
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1
q)av - ;f ¢dV (4)
do do:
_ P
v = Exev (5)

E la nang lugng phét ra cua mdi phan hach, ; la tiét dién phan hach vi mé cua
neutron nhiét , V 1a thé tich viing hoat. Céc tham s6 E, %y, V gan nhu khong thay di trong
d(t) o P(f)

(6)

khi 16 phan tng van hanh, do do: 5
0 0

Po, P(t) lan luot 1a cdng suat caa 10 phan Gngtai thoi diém khi bat dau xét (t = 0) va
tai thoi diém t.

Do sai léch thong lwong neutron nhiét thé hé thu i+1 gitra hai thé hé ké tiép nhau
duogc xac dinh boi cong thuc:

(A1) ~APD]y thuye—[42(+1) -2 D]enve nghiem| o, ( AD(D) = &) 0

o la [0)
g Ich (%) = [®(0]ly thayer ®(0)

2.2. M0 phéng thuc nghi¢m

Thyc nghiém duoc tién hanh trén hé mé phong 18i 16 OPR1000. Giao dién cia hé md
phong gém 3 man hinh chinh, hién thi vi tri cic nhom thanh diéu khién va nhém thanh an
toan, cac tham sé chinh cua 10 phan tng, va ché d6 diéu chinh cac tham sé cua 16 phan
g, ché do hién thi 2D/ 3D. Hinh 2-5 trinh bay cé4c giao dién twong tac nguoi ding.

Hinh 2. Giao di¢n thé hién v; tri Hinh 3. Giao dién diéu khién cac nhém thanh
cac nhém thanh, céc théng s cua 10 phan iing
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TEST STEP Trend Graph 2D Analysis 3D Analysis
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Hinh 4. Giao dién thay doi cac thong sé trong 10 Hinh 5. Giao dién h¢ md phong 16i 10
OPR1000 hién th; 3D
Dé dam bao an toan khi bit d¢au van hanh 10, cac tham s mic dinh cua l6 OPR1000
dugc trinh bay ¢ Bang 3.
Bdng 3. Mgt sé thong so khi khai déng 16 phan iing OPR1000

Nong dd Apsuit  Nhiét dp
Boron (ppm)  (kg/cm?a) (°C)
6,66x10°° 1800 158,2 295,8 -26.000

Cong suit (%) P phan ng (pcm)

Véi nong d6 Boron 1a 1800 ppm, tat ca cac thanh diéu khién va cac thanh an toan nam &
vi tri dudi cing cua 10 phan tng, lac nay d6 phan ang c6 gia tri la xap xi -26.000 pcm, céc gia
tri ny s& dam bao cho 10 phan ng an toan tuyst ddi.

Thuc nghiém tién hanh khao sat théng luong neutron nhiét & diéu kién rat tat ca cac
nhém thanh diéu khién va an toan ra khoi 10. Trong qué trinh rGt nhém thanh diéu khién,
khi cdng suat 10 phan tng & diéu kién rdt tat ca cac nhom thanh an toan va diéu khién ra
khoi 10 va dua 10 téi cong suat mong mudn bang céch pha lodng Bo dé phan bé cong sut
ciing nhu phan bé thong lwong neutron nhiét trong 10 phan ung phan bé dong déu. Sau d6
tién hanh pha lodng Bo voéi toc do tdi da 600 lit/phit ti khi dd phan ang xap xi -200 pcm
thi dirng pha lodng Bo, thay d6i van toc pha lodng nhé hon 10 lit/phat (vi ldc ndy néu nhu
téc d6 pha lodng qua nhanh s& khdng kiém soat duoc sy thay doi cia d6 phan ung). Tiép
tuc pha lodng toi khi ¢ phan tng xap xi 0 pcm thi dung pha lodng. Khi do phan &ng va
cdng suat on dinh. Tién hanh khao sat thong lwong neutron nhiét & trang thai tgi han. St
dung dung dich Bo dé diéu chinh d6 phan tng dat trang thai dudi téi han va trén téi han,
tién hanh khao sat thong lugng neutron nhiét & trang thai dudi téi han va trén téi han.
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3. Két qua va bién luan

Theo cong thuc (6), ti 1é cdng suat 16 phan ¢ng gan bang véi ti 1& thong luong
neutron nhiét tinh trung binh trong toan thé tich 16i 16 phan ung. Do d6, ti 1é théng luong
neutron nhiét tinh trung binh s& duoc xac dinh théng qua ti 1é cong suat caa 10 phan ¢ng
(10°% — 10°%). Thuc nghiém duoc tién hanh khi 16 phan ung ¢ cdng suit thip, dé dam
bao trong qué trinh tién hanh thuc nghiém cong suat khong vugt qua mic cho phép, do d6
tién hanh thuc nghiém khi d6 phan tng trong khoang tir -20 pem t6i 20 pcm. Tién hanh thi
nghiém khao sat thong lugng neutron nhiét tinh trung binh cua Lo phan tng OPR1000
trong cac truong hop sau:

- Lo phan ¢ng ¢ trang thai dudi téi han (d6 phan ¢ng bang -19,00);
- Lo phan ¢ng ¢ trang thai téi han (d6 phan ung bang 0);
- Lo phan ¢ng ¢ trang thai trén téi han (d6 phan ¢ng bing 19,80).

Thoi gian khao sat thong lugng neutron nhiét & cac budc thyuc hién 1a 30 gidy cho tat
ca 3 truong hop dudi téi han, t6i han va trén téi han. St dung cong thac (2) dé tinh ti 1¢
thong lugng neutron nhiét trung binh bang Ii thuyét, cong thirc (6) dé xac dinh thong huong
neutron nhiét trung binh bang thuc nghiém, va céng thic (7) dé xac dinh do léch giira li
thuyét va thuc nghiém khi xét thong lugng trung binh cua neutron nhiét. Két qua méd phong
thuc nghiém va két qua li thuyét duoc trinh bay ¢ cac Bang 4- 6, va cac Hinh 6-8.

Bdng 4. Két qud ti ¢ théng heong neutron nhiét khi 10 phan iing & trang thdi dudi t6i han

Thoi o) @) b6 lech Thoi o(t) () pp
gian  P(%) @0 @O ‘fj) gian P (%) ®0 @0 lich
0
() TN LT (s) TN LT (%)
0  202x10* 11,0000 1,000 0,000 330  1,00x10* 04958 04748 0751
30 1,84x10* 09122 09125  -0,025 360 943x10° 04670 04448 0,584
60  1,73x10* 08576 08548 0,359 390  8:88x10° 04401 04167 0,628
90  1,62x10* 08043 08007 0,114 420 839x10° 04157 03903 0,882
120  153x10° 07565 07501 0,412 450  791x10° 03921 03656 0,722
150  143x10" 07107 07026 0,284 480  7.48x10° 03706 03425 0,982
180  1,35x10° 06693 06582 0,543 510  7,06x10° 03499 03209 0,828
210 1,27x10° 06293 06166 0,378 540  6,68x10° 03310 03006 1,096
240 1,20x10° 05920 05776 0,421 570  631x10° 03128 02816 0,949
270 1,13x10° 05582 05411 0,671 600  597x10° 02957 02638 1,015

300 1,06x10"  0,5254  0,5069 0,502
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Bdng 5. Két qud ti 1é thong hrong neutron nhiét khi 10 phan iéng dat trang thai téi han

o(t)

o(t)

Thoi o) o) Thoi Pj
gian D0 @0 oS G S B0 @0l

(%) 06) ) ;
©) ™ LT ©) TN LT (%)
0 4,12x10°  1,0000  1,0000 0,000 330 4,25x10° 1,0334 1,0000 0,302
30 4,13x10° 1,0031  1,0000 0,315 360 4,26x10° 1,0364 1,0000 0,302
60 4,14x10° 1,0061  1,0000 0,294 390 4,28x10° 1,0394  1,0000 0,302
90 4,15x10° 1,0091  1,0000 0,306 420 4,29x10° 1,0424  1,0000 0,302
120 4,17x10° 1,0122  1,0000 0,305 450 4,30x10° 1,0454  1,0000 0,302
150  4,18x10° 11,0152  1,0000 0,303 480 4,31x10° 1,0484  1,0000 0,302
180  4,19x10° 1,0183  1,0000 0,302 510 4,33x10° 1,0515 1,0000 0,302
210  4,20x10° 1,0213  1,0000 0,303 540 4,34x10° 1,0545 1,0000 0,301
240  4,22x10° 11,0243  1,0000 0,302 570 4,35x10° 1,0575  1,0000 0,302
270 4,23x10°  1,0273  1,0000 0,302 600 4,36x10° 1,0605 1,0000 0,302
300 4,24x10° 11,0303  1,0000 0,302

Bdng 6. Két qud t7 1é théng lwong neutron nhiét khi 10 phdn iing & trang thai trén téi han

Thoi 5 o) &) pp Thei o o) &) pp
gian . ®0 ®0 lich  gian . ®0 ®0 léch

(%) o (%) o

©) TN LT (%) ©) TN LT (%0)
0  612x10°  1.0000 1.0000 0.000 330  145x10*  2,3766  2,2679 0,648
30 663x10° 10828 11052 2.026 360  157x10°  2,5694 24369 0,644
60  7,8x10° 11723 11876 0.739 390  1,70x10° 27777 2,6185 0,640
90  7,77x10°  1.2688 12761 0.718 420 1,84x10° 30027 28137 0,637
120 841x10° 13730 13712 0701 450  199x10" 32456 30234 0,635
150  9,09x10°  1.4855 14734 0.689 480  2,15x10" 35081 32487 0,633
180  9,84x10°  1.6070 15832  0.679 510  232x10° 37915 34908 0,631
210 1,06x10*  1,7381 17012 0,671 540  251x10° 40977 37510 0,629
240 1,15x10°  1,8798 18280 0,664 570  271x10° 44284 40305 0,628
270 1,24x10*  2,0328 19642 0,658 600  293x10" 47856 43309 0,627

300  135x10*  2,1981 21106 0,653
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Hinh 7. Thong lwong neutron nhiét trung binh khi 10 phan ing dat trang thai toi han
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Hinh 8. Thong lwong neutron nhiét trung binh khi 10 phan wung dat trang thai trén toi han
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Két qua tinh toan cho thiy sy twong dong gitra li thuyét va méd phong thuc
nghiém. Do léch thong lwong neutron nhiét gitta i thuyét va thyc nghiém nho hon
2,1%. Sy chénh léch két qua md phong thuc nghiém va két qua Ii thuyét Ia do trong
thyc té, ¢6 thé c6 nhiéu nhdm neutron tré xuét hién, nhung trong Ii thuyét chi xét ¢én 1
nhém neutron tré. Vi tinh chat cong don cua neutron & c4c thé hé trude nén & trang thai
khi 16 phan (ng chua dat toi han thi theo thoi gian, thong lwong ngay cang giam dan;
nguoc lai khi dat trén trang thai téi han, thong lugng sé€ tich lay ting; thong lugng
neutron gan nhu khong dbi khi 10 phan @ng dat trang thai tgi han.

4.  Kétluan

Két qua xac dinh neutron nhiét caa Lo OPR1000 d& duoc xac dinh. Nghién cau
nay d tién hanh khao sat thong luong neutron nhiét trung binh trén toan bo thé tich
vung hoat cua 10 phan tng OPR1000 & ba trang thai dudi téi han, toi han, va trén téi
han cho thay viéc ang dung h¢ thiét bi CoSi OPR1000 trong mé phong I8i 10 phan ing
OPR1000 va duwa ra cac du bdo cho van hanh thuc ctia nha may dién hat nhan
OPR1000.

Ngoai ra, hé md phong nay con dugc sir dung trong dao tao, huan luyén cho céac
Ki su van hanh Lo OPR1000. Két qua thu duoc s& gop phan mé ra huéng nghién cuu,
khai thac, van hanh c6 hiéu qua hé thiét bi 0 mé phong nham dao tao ngudn nhan lyc
ki thuat hat nhan tai Viét Nam.

Loi cdm on: Nhém nghién cizu xin chan thanh cam on Hiép héi Hat nhan Han Quac (KNA),
Truong Dai hoc Hanyang - Han Quéc, Cong ti Thiy dién va Dién hat nhan Han Qudc (KHNP) da
tai tro- hé CoSi OPR1000 dé thyc hién nghién cizu ny.
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