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TOM TAT

Trong vdn hanh nha mdy dién hat nhdn, viéc
diéu chinh céng sudt la can thiét. Khi thay doi
cong sudt, qud trinh phan vmg phan hach trong 16
phan img sé thay doi theo. Cdc phwong phdp
thwong sit dung trong viéc thay déi cong sudt ciia
nha mdy dién khi van hanh gom: thay doi nong dé
boron, thay déi vi tri cdc nhém thanh diéu khién,
va két hop thay doi nong dg boron va diéu khién
nhém thanh diéu khién. Bai bdo trinh bay két qua

nghién ciru, do dac ham lwong boron dé o
OPRI1000 dat trang thai toi han trong cdc truong
hop ARO, ARI SB, ARI RI, R5 trén co so s dung
phirong phép chia déi trong viéc diéu chinh nong
do Boron. M6 phong thuc nghiém tién hanh trén hé
mo phong 16i lo phan ung OPRI000 (CoSi
OPR1000). Két qua thu dwoc twong dong cho cd 4
trieong hop khi so sanh sé liéu vian hanh ciia Nha
may dién hat nhan su dung lo phan vrng OPR1000.

Tir khéa: nong dé boron, Lo OPR1000, Hé Cosi OPR1000

MO PAU

Thap nién 50 cua thé ky XX la thoi diém khai
dau cua dién hat nhan thwong mai trén thé gidi.
Cho dén nay, dién hat nhan cung cip khoang 11 %
ngudn nang luong trén toan cau [1]. Hon 60 nim
st dung, dién hat nhan dugc danh gia 1a ngudn
nang luong to 16n, sach va gan nhu vo tan.

Tir nhitng nam 1980, Han Quéc bat dau trién
khai chuong trinh néi dia hoa thiét bi nha may dién
hat nhan. T ndm 1984 va kéo dai 10 nam sau do,
¢ 7 16 phan ung hat nhan loai nu6c ap luc PWR
(Pressurized Water Reactor) dugc xay dung theo
Tiéu chuan hat nhan Han Quéc [2]. Muc dich noi

dia h6éa ma Han Québc dat ra 1a chu dong cong
nghé, tang hiéu suat st dung va giam thiéu anh
hudéng méi truong. Thanh cdng 1én trong budc
duong noi dia hdéa nha may dién hat nhan caa Han
Québc 1a phét trién thanh cong loai 10 cai tién
OPR1000 (Optimized Power Reactor 1000) do
Cong ty Thay dién va Bién hat nhan Han Québc
(KHNP - Korea Hydro and Nuclear Power
company) ché tao. Nha may dién OPR100 dau tién
xay dung tai Yonggwang s 3 va 4. Bang 1 trinh
bay mot s6 théng sé chinh caa 16 OPR1000 [3].
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Bing 1. Thong s6 chinh cua hé théng 16 phan tng OPR1000

Stt bic tinh Thong sb
1 | Sb vong lam mat 2
2 | Thé tich vong so cip, bao gom ca binh diéu ap 339,4m’
3 | Téc @6 cua dong hoi tai diéu kién binh thuong 5,769,695 kg/gid
4 | Loai bom Bom ly tdm, bom doc, bom don
5 | Luu lugng bom 323 m*/phut
6 | Tc do bom 1,200 rpm
7 | Téc d6 tai vong lam mat so cip 1,293 m® /phut
8 | Ap suét van hanh 158,2 kg/cm?
9 | Nhiét d6 nudc lam mat di vao 10 295,8 °C
10 | Nhiét do nudc lam mat di ra 16 327,3°C
11 | Téng thé tich binh diéu ap 51 m®
12 | Thé tich khi binh diéu 4p (cong suat tdi da) 25,49 m?
13 | Nhiét do/ap suat binh diéu ap thiét ké 371,1°C /175,8 kglcm?
14 | Chiéu cao hoat dong cua 161 1o 381 cm
15 | Pudng kinh 15i 10 312,4 cm
16 | S6 bo nhién lidu 177
17 | S6 b6 diéu khién 73
18 | Chu ky van hanh 12 ~ 18 théng
19 | Toanhalo Dang hinh try bang bé tong c6t thép
20 | Puodng kinh trong téa nha 10 439m
21 | Chiéu cao toa nha 1o 66,8 m
22 | Nhiét d6 khi dang van hanh toa nha 1o 48,9 °C
23 | Pudng kinh bén trong cta thung 16 414 cm
24 | Bé day thung 10 Téi thiéu 13 20,5 cm
25 | Chiéu cao téng cua thung 1o 1,464,2 cm
26 | Tdc do tuabin 1,800 rpm
27 | Kiéu dng trong binh sinh hoi Ong U thang dung
28 | Dién tich trao ddi nhiét bé mat cua binh sinh hoi 9,522,6 m?
29 | Ap suit khi dang van hanh tai vong so cap/ thir cap cua 158,2/75,2 kg/cm?

binh sinh hoi
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Bat ky mot nha may dién hat nhan dang vén
hanh nao ciing luén c6 hé md phong, tinh toan cac
thong s6 vat ly cua 10 phan tng nhim dua ra
khuyén cao vé an toan khi van hanh, céc du béo rai
ro ... Pic biét, dé phuc vu vin d&& nay vai 10
OPR1000, Céng ty Pién luc Han Quéc KEPCO
(Korea Electric Power Corporation) va Cong ty
KHNP di thiét ké, ché tao hé mo phong 16i 1o
OPR1000-CoSi  Simulator OPR1000 (CoSi
OPR1000). Cac théng s6, sd lieu cua CoSi
OPR1000 duoc lay tir s6 lieu van hanh (sé liéu
thuc) cua hai nha may dién hat nhdn Shin-Kori 1
va 2 [4]. DPén nay, thiét bi CoSi OPR1000 di cai
tién qua 4 giai doan nham tién gan dén gia tri van
hanh thuc cua 16 OPR1000. Ngoai viéc khuyén céo
an toan khi van hanh 10 OPR1000, hé CoSi
OPR1000 con lam nhiém vy nang cao trinh d6 van
hanh cho cac nhéan vién ctia nha may dién hat nhéan.

Tai Viét Nam, trong khuon khd hop tac giira
Hiép hoi Hat nhan Han Quéc (KNA - Korea
Nuclear Association) véi Truong Pai hoc Da Lat,
hé md phong CoSi thé hé thir 4 da duoc tai trg, day
1a hé duy nhét hién c6 tai Viét Nam.

VAT LIEU VA PHUONG PHAP
Co sé ly thuyét

bong hoc 10 phan tng da dua ra sy phu thudc
cua hé sé nhan hiéu dung ke theo sb neutron ban
dau va sb neutron tai thoi diém dang xét thong qua
cbng thic (1) [5, 6]:
N = Ny + Nokeps + Noklsp + -+ =
No(1+ kepp + kZpp+ )

Khai trién gan ding cong thirc (1) ta dwoc:

No

~
=~

1-kefs

Tang qua trinh phan hach trong khi van hanh
16 phan &ng hat nhan 1a diéu kién dé dua 10 phan
(ng 1én trang thai toi han. Bé thuc hién diéu nay,

can biét cong suit cua ngudn neutron trong 16 phan
tng. Tuy nhién, thuc té van hanh 16 phan tng, dai
luong d6 thuong khong dugc biét hodc khd xac
dinh, nén ngudi ta sir dung cac két qua do tuong
dbi. Gia st detector ghi neutron, nim ngoai va sét
thing 10 phan tng, do 1an dau dugc Co, ty & vai
dong neutron trong ving hoat. Sé do d6 dugc lay
lam diém dau dé do. Tiép sau, dwa vao 10 phan ung
d6 phan ung dwong theo ting budc i lién tiép. Sau
khi dwua d6 phan ng, bang Akes / e , Va0 theo
céch, thi du, rat thanh diéu chinh ra mot doan Ax; ,
dong neutron tang 1én, va sb do cua detector 1a C; .
Xay dung sy phu thugc Co/C; vao x; . R rang, do
phan tng dugc dua vao 16 phan tng cang Ién va
tuong (g Vi N 12 ke cang gan 1, thi ty 1¢ Co/C;
cang gan 0.

Sau mot s6 budc nhat dinh, khi ngoai suy ham
Co/Ci(x) dén 0 (nghia la, dén giao voi truc x), sé
tim duoc do cao rit thanh diéu chinh, twong ng
Véi trang thai toi han caa 10 phan (ng [5].

2—(2 = 1 - keff

Khi str dung viéc thay d6i nong do boric acid,
la phuong phap dugc sir dung rong rai trong van
hanh céc 10 phan tng dung nudc 1am chét trao doi
nhiét - nuéc dé diéu chinh va diéu hoa do phan
tng, thay Vi vi tri ctia thanh lam dbi s6 trong diéu
chinh d6 phan ung thi viéc thay d6i ndng do boron
dé& thuc hién va an toan hon.

Mo phéng thue nghiém

M6 phong thuc nghiém duoc tién hanh trén h¢
md phong 16i 16 OPR1000. Giao dién cua hé
phong gdm 3 man hinh hién thi vi tri cac nhoém
thanh diéu khién va nhém thanh an toan, cac t
sb chinh caa 16 phan ng, va ché d6 diéu chinh cac
tham sé cua 10 phan wng, ché d6 hién thi 2D/3D.
Hinh 1, Hinh 2, Hinh 3, Hinh 4 trinh bay céc giao
dién.
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Hinh 1. Giao dién thérhién vi tri cdc nhom thanh, céc
thong so cua 10 phan ung
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Hinh 3. Giao dién thay ddi cac thong sb trong 10

Khi khai dong 16 OPR1000, céc gia tri ban dau
gom: nong do boron: 1800 ppm, nhiét do: 295,8
°C, &p suit: 158,2 kg/cm?a. S¢ di gia tri boron ban
dau 1a 1800 ppm Vi & gia tri nay, do phan &ng nam
trong khoang -25000 pcm ~ -26000 pcm (Per cent
Mille ~ 107°), day 1a gia tri tuyét d6i an toan cua 10
phan tng. Tién hanh 4 thi nghiém kiém tra ti s6
Co/C; trong cac truong hop sau:

ARO (All Rod Out) — r(it hoan toan tat ca cac
nhém thanh diéu khién va nhém thanh an toan;

ARI SB (All Rod In SB) — gitr nhém thanh an
toan SB & vi tri sAu nhét trong 10, ddng thoi rat tat
ca cac nhom thanh an toan va diéu khién con lai ra
khoi 10;

ARI R1 (All Rod In R1) - giit nhom thanh didu
khién R1 ¢ vi tri sdu nhat trong 10, dong thoi rat tat
ca cac nhom thanh an toan va diéu khién con lai ra
khoi 10;

Hinh 2. Giao dién diéu khién cac nhom thanh

Hinh 4. Giao dién hé mé phong 15i 16 OPR1000 hién thj
3D

C6 dinh nhom thanh diéu khién R5 & vi tri 191
cm 1o, déng thoi rat tit ca cac nhém thanh an toan
va diéu khién con lai ra khoi 10.

KET QUA VATHAO LUAN

Dé tién hanh khao sat tim ham luong boron
khi 10 phan Gng dat trang thai tgi han, mo phong
thuc nghiém tién hanh khao séat biang phwong phap
chia ddi. Cu thé, tién hanh pha lodng Boron tir
diém dau 1a 1800 ppm, va diém cudi cua ham
lwong boron theo théng sé thuc khi van hanh 1o
OPR100 theo 4 truong hgp twong ung la: 1089
ppm, 821 ppm, 1014 ppm, 1079 ppm [7]. Truong
hop ARO tién hanh thuc hién phuwong phap chia
do6i nhu sau: tu néng d6 boron ban dau, 1800 ppm,
(AC1 = 711 ppm), d& dam bao an toan nhung tiét
kiém thoi gian dwa 16 dat trang thai téi han, tién
hanh dua nong d6 boron giam thém khong vuot
qua AC1/2. Md phong thuc nghiém dua ndng do
boron giam thém 300 ppm (nh6 hon AC1/2 ~ 350
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ppm) tirc 12 ndng d6 boron dat 1390 ppm vai thoi
gian ngan nhat c6 thé (vi & nong do nay, do phan
{rng van con ¢ gia tri am rat I6n (~ -3500 pcm), nén
van dam bao an toan tuyét d6i cua 10 phan tng mic
di rat ngan thoi gian dat téi han). Lan pha lodng
thir hai, tir ndng do 1390 ppm (AC2 ~ 300 ppm),
tién hanh pha 16ng boron trong thoi gian 10 phat

dé nong do giam thém,Azﬂ ~32ﬂ = 150 ppm

nghia 1a ndng do boron ldc nay 1a 1240 ppm. Tiép
tuc thuc hién phuong phap chia doi dé xac dinh
ham lugng boron khi 10 phan Gng dat trang thai téi
han & truong hgp ARO va cac truong hgp con lai.
Két qua trinh bay ¢ Bang 2, Bang 3, Bang 4, Bang
5, Hinh 5, Hinh 6, Hinh 7, Hinh 8.

- Nong d9 | s6 | Néngd |

Stt | Sodém/s | boron (ppm) Ti s6 C,/C; Stt | dém/s boron (ppm) Ti s6 C,/C;
1 4 1800 1 2 1800

2 10 1390 1,000000 2 3 1230 1,000000
3 19 1240 0,526316 3 4 1118 0,750000
4 34 1165 0,294118 4 6 1000 0,500000
5 59 1125 0,168634 5 9 950 0,333333
6 80 1110 0,125628 6 12 900 0,250000
7 101 1104 0,098619 7 16 850 0,187500
8 118 1100 0,084531 8 25 825 0,120000
9 130 1098 0,077220 9 36 810 0,083333
10 136 1097 0,073529 10 50 806 0,060000

Bang 4. Két qua thay di ham lwong boron bang
phuong phap chia d6i trong truong hgp ARI R1

Bang 5. Két qua thay d6i ham lugng boron bang phuong

phap chia d6i trong trueong hop R5 = 191 cm

o Nong do ’ o Nbng do )
Stt | So6 dém/s boron (ppm) Ti s6 Co/C; Stt | S6 dém/s | boron (ppm) | Tiso C,/C;
1 4 1800 1 4 1800
2 10 1315 1,000000 2 10 1379 1,000000
3 20 1165 0,500000 3 18 1229 0,555556
4 36 1090 0,277778 4 36 1154 0,277778
5 50 1063 0,200401 5 59 1117 0,169779
6 67 1045 0,149031 6 85 1099 0,117371
7 82 1036 0,121951 7 115 1090 0,086957
8 92 1032 0,108696 8 136 1086 0,073529
9 105 1027 0,095238 9 148 1084 0,067568
10 131 1021 0,076336 10 156 1083 0,064103
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Hinh 6. Két qua thay dbi ham luong boron bang phuong

Hinh 5. Két qua thay dbi ham luong boron bang phuong
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Hinh 8. Két qua thay dbi ham lwong boron bang phwong phéap
chia d6i trong trudng hgp R5 =191 cm

Thdi gian van hanh (phit)
Hinh 7. Két qua thay dbi ham luogng boron bing phuong
phép chia d6i trong truong hop ARI R1

Tir két qua md phong thuc nghiém, khép ham phu thudc gitra ham lugng boron va 1 — kg nhu sau:
Truong hop ARO: y = 0,0031x — 3,3777
Truong hop ARI SB: vy = 0,0021x — 1,6204
Truong hop ARIRL: y = 0,0031x — 3,1126
Truong hop R5 =191 cm: y = 0,0032x — 3,3905

trong d6 x 1a ndong d6 boron (ppm), y = 1 — Keg.

Tir c4c ham mo phong thyuc nghiém, xac dinh ham lugng boron cho céc truong hop dé 10 dat trang thai
ti han. Bang 6 trinh bay céc két qua tinh toan va so sanh vai két qua du doan (két qua van hanh thyc caa 10
OPR1000).
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Bing 6. Két qua md phong thuc nghiém va két qua van hanh 16 OPR1000

Vit | e | bing sy o Opiioso | CEPD | skt ettt
nghi¢m (Ccal) (ppm) (Cpred) (ppm) [7]

ARO 1090 1089 1,001 -0,0018
ARI SB 772 821 0,940 0,1037
ARIR1 1004 1014 0,990 0,0308

R5=191cm 1060 1079 0,982 0,0623

Két qua md phong thuc nghiém cho thay viéc
sit dung hé CoSi OPR1000 cho cac tham s6 md
phong gan gidng véi van hanh thyc trén 10
OPR1000. Ham lugng boron trong do dac bang hé
CoSi OPR1000 x4p xi v&i ndng d boron trong van
hanh 16. Két qua & Bang 6 cho thdy ti s6 ham
lwong boron & hé CoSi OPR1000 va vai van hanh
[0 OPR1000 gan bang 1, trang thai toi han trong
truong hop 10 van hanh va truong hop do bang hé
CoSi OPR1000 c6 sai s6 < 6,3 % cho ca 4 truong
hop.
KET LUAN

Nong do boron trong 16 phan tng hat nhan loai
nuée ap lec 14 mot trong nhitng didu kién thay ddi
d6 phan ng, trong nghién ciru nay da chi ra sy phu
thugc t6i han caa 10 phan tng OPR100 trong mot
s6 truong hop cu thé. Két qua nghién ctru da xac
dinh gi& tri boron t&i hai cho 4 truong hop: ARO,

ARI SB, ARI R1, R5. Biang hé md phong CoSi
OPR1000, sé liéu thu duoc so véi sd liéu van hanh
16 phan &ng OPR1000 rat tring khép nhau, véi sai
s6 16n nhét 1a ~%. Piéu nay cho thay tinh du doan
cao khi stir dung hé CoSi OPR1000 trong van hanh
16 phan ttng OPR1000.

Ngoai tinh du doan trong van hanh 1o
OPR1000, kha niang tng dung trong dio tao, huan
luyén cho céc ky su van hanh 16 OPR1000 ciing 1a
van d& ndi bat caa hé md phong nay. Két qua thu
dugc s& gop phan mo ra huéng nghién ciu, khai
thac, van hanh c6 hiéu qua hé thiét bi 16 mdé phong
nham dao tao ngudn nhan lyc k§ thuat hat nhan tai
Viét Nam

Loi cam on: Nhom nghién ciu xin chan thanh
cam on Hiép hoi hat nhdn Han Quéc (KNA),
Truwong Pai hoc Hanyang - Han Quéc, Cong ty
Thuy dién va Dién hat nhan Han Quo‘c da tai tro
hé CoSi OPR1000 dé thiee hién nghién ciru nay.
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ABSTRACT

In the operation of a nuclear power plant
(NPP), to adjust the capacity of NPP is necessary.
When the NPP capacity is changed the nuclear
fission is also changed. The methods used in
changing the capacity of NPP include: changing
the boron concentration, changing the position of
the control rod groups, and changing the boron
concentrations and the position of the control rod
groups together. This report presents some results

of  the research, measurement boron
concentrations when nuclear power plans
OPR1000 critically state in the cases of ARO, ARI
SB, ARI R1, R5 = 191 cm on the basis of the
bisection method in the boron concentrations
adjustment. The experiment is performed on core
the simulator for OPR 1000 nuclear power plant.
The results in the 4 cases were similar with NPP
operating data using OPR1000 reactor.

Keywords: boron concentration, OPR1000 reactor, OPR1000 Core simulator.
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