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Tom tét:

Viéc mé phong tai nan 10 phan tng hat nhan trén mé hinh may tinh da va dang phat trién dé
nghién ctru hoat dong cua 1o nham dé phong cac su cb co thé gay ra. PCTRAN (Personal Computer
Transient Ana/yzer) 12 mot trong nhitng phadn mém mo phong vé 16 , hién dang dugc str dung & mot sb
nude trén thé gidi nhu: Germany, Switzerland, Pakistan, Japan, Indla Korea, Turkey, Taiwan,...Trong
b4o cdo ndy, chung t6i khdo sat mot su ¢d tai nan xay ra, cu the 12 mot may bom cung cip nudc
(feedwater pump) hoat dong khong binh thuong, sir dung phan mém PCTRAN — ABWR (Version
5.0.0) PCTRAN. O day, ching tdi khao sat cho 10 Lungmen ABWR (Advanced Boiling Water
Reactor), Pai Loan —loai 16 phan tng hat nhan thé hé tht I11. Cac thong s6 hoat dong trong 10 s& dugc
khao sat va trinh bay trong bao céo.

Tir khéa: PCTRAN, ABWR.
1. GIOI THIEU

Hién nay trén thé gidi c6 rat nhiéu phan mém mo phong hoat dong 16 phan Gmg nhu:
Cathare, Relap, Cassim, PCTRAN,...Trong d6, PCTRAN (Personal Computer Transient
Analyzen 1a mot phan mém mo phong tai nan 10 phan tng trén md hinh may tinh. Ké tir 1an
dau tién xudt hién nam 1988, Micro-Simulation Technology (MST) [1] ludn cai tién cong
nghé va ung dung rong rai tai mot s6 nude trén thé gidi. Hién nay PCTRAN c¢6 thé mé phong
duoc rat nhiéu mo hinh 10 phéan ung khac nhau nhu: BWR, PWR, Areva EPR, Westinghouse
AP1000, Toshiba ABWR, Russian VVER1000, MHI hay Chinese 3-loop PWR,...va da duoc
g dung rat nhiéu trong cac truong Dai hoc trén thé gidi. Pac biét, ké tir nam 1996, Co quan
Nang 1u0’ng nguyén tur qudc t& (IAEA) chon PCTRAN va sir dung nhu mot tai liéu nang cao
trong cac hoi thao vé mo phong 16 phan tmg[6].

Trong béo c&o nay, ching toi sir dung PCTRAN — ABWR (Version 5.0.0) dé tim hiéu
mot so thong sd trén mo hinh 16 phan Gng nudc nhe ABWR. Pay 1a mo hinh dugec GE
(General Electric) thiét ké véi cong suat 1én dén 3962 MWt (1300 MWe), 16 phan tng thudc
thé hé thir 3 va duoc thiét ké cho dir 4n dién hat nhén thir 4 ciia cong ty dién hrc Déi Loan —
Lungmen.

Bit ky mot bo phan nao cua 16 phan ing gép su cd déu c6 thé dan dén tai nan cho nha
may. Hé thong cung cap nudc 1a mot trong nhimng b phén v6 cung quan trong, né la ngudn
cung cip nudc chinh cho 16 phan tng, gitip duy tri 4p sudt 10, 1am mat ving hoat 16 phan
tmg,...Trong bao céo nay ching tdi ding PCTRAN — ABWR dé mé phong tai nan: Mot mdy
bom cung cdp nuréce (feeadwater pump) hoat dong KHONG binh thurong.

Trong mod phong nay toi tim hiéu cac thong sé sau:

1. Thong lugng neutron: Neutron flux (%)

2. Luu luong cung cap nude: Feedwater Flow (%)

3. Luong hoi qua Valve 16i tit: Flow Bypass valve (%).
4. Lugng hoi qua Turbine: Turbine Steam flow (%)

5. Nhiét d6 dinh: Temperature Peak Centerline fuel (%)
6. Muc nudc: Level (ref-separator-skirt) (m)



Tur d6, du bao tinh trang hoat dong cta 10 phan irmg ABWR trong truong hop trén.
2. GIOI THIEU HE THONG CUNG CAP NUGC TRONG PHAN MEM PCTRAN ABWR
CHO LO LUNGMEN

Trong phén mém md phong PCTRAN ABWR cho 1o Lungmen, Dai Loan, h¢ théng
cung cap nudc gom 4 may bom, trong do, 3 may bom truyén dong Turbine va mot may bom
truyén dong motor. O ché do hoat dong binh thuong, 2 may bom truyén dong turbine, mdi
mdy hoat dong 50% cong sudt va mét may & ché do cho. May bom truyen dong motor co
cong suat khoang 25% / tong cong suat duoc dung dé khoi dong. Hé thong diéu khién cung
cap nudc — Feedwater Control System (FWC) cua tram di¢n hat nhan (NPS) Lungmen st
dung mot hé théng diéu khién k¥ thuat sé 3 kénh (triplicated) xtr 1y song song, thay vi mot
kénh Analog nhu dugc st dung trong céc thlet ke truge day (BWR 2-6), moi kénh c6 chira
cac vi xu ly - dua trén phan cimg va phan mém can thiét c6 lién quan dé thyc hién tat ca cac
tinh toan diéu khién.

Khi luru lugng truyén vao (Input) bién dong, xac nhén co 16i dugc nhan dang va dugc
co lap. Céc kénh s& thuc hién giao tiép va xur 1y lién tuc dé tir d6 dua ra kha nang tuy chan doan
tinh trang 10. Khi m{t kénh nao d6 sai léch dugc phat hién va bao dong dén cac bo phan khac
dé xir 1y. Khi hé thong cung cip nudc hoat dong khong binh thudng c6 thé ngay tirc khic lam
tang hodc lam giam luong nudc lam mat. Néu tin hiéu téng luu luong hot (Total steam flow)
hodc tong luu luong cung cap nudc (Total feedwater flow) thay d6i bat thuong, cac FWC
kiém tra Input, phan hdi thong tin va tu dong chuyén ché d¢. Viéc kiém soat mirc do vé co
ban s€ khong bi anh hudng boi chinh sy sai 1éch nay. Bo diéu khién cung cap nude (FWC) sé
ty dong diéu khién dé bu trir luu lugng nudce tur sai léch cua may bom. Anh huéng nghiém
trong nhat ma moét may bom cung cap nudc gay ra 1a cong suat toi da ctia nd (125%) va tat
hoan toan (0%). Nén ching t6i s€ khao sat 2 truong hop trén. Ngoai ra, chdng toi ciing khao
st trong nhing truong hop mot may bom hoat dong & cong suat thap (dudi 50%).

3. KET QUA KHAO SAT THONG SO LO ABWR KHI HE THONG CUNG CAP NUGC
HOAT PONG KHONG BINH THUONG

Chung t61 khao sat truong hop tai nan ciia mot may bom truyén dong Turbine. Cu thé,
may bom hoat dong qua cong suat (125%), may bom ngung hoat dong (0%) va may bom hoat
dong dudi cong suat.

3.1 Truong hop 1: Chung t61 khao sat khao sat truong hop 16 phan tng hot dong 100% cong
sudt véi mot may bom truyén dong turbine qua cong suit (125%).

Két qua mo phong:

Tai thoi diém 1.0 gidy sau khi thiét 1ap trang thai ciia may bom 125%, luu lugng nuéce
cung cip ting nhanh, tic 14 trong truong hop nay nude duge bom vao thing cia 10 nhiéu hon
binh thuong, cling chinh vi vay muyc nudc trong 16 cling tang 1én, thong luong neutron
(neutron flux) va nhiét do dinh (Temp peak centerline fuel) ¢ tang 1én nhung khong nhiéu
diéu nay thé hién rd trén do thi (Hinh 1), c6 sy thoat hoi qua Valve Bypass (Hinh 3). Qua
trinh dong, mé Van Bypass ciing gop phan vao viée diéu chinh ap suat cua 10 phan ung cho
dén khi hé thdng diéu khién cung cap nude diéu tiét myc nude trong 16 6n dinh.

Két qua khao sat truong hop nay (Hinh 1, Hinh 3, Hinh 5) rat sat thuc voi két qua
phan tich thuc tir 10 phan trng Lungmen ctia Pai Loan (Hinh 2, Hinh 4 va Hinh 6) [2].
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Hinh 1: Biéu do hru luong cung cip nudc,
thong [luwong Neutron, nhiét do dinh trong
trurong hop mét may bom truyén dong Turbine
hoat dong 125%
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Hinh 2: Biéu dé théng hrong Neutron, lu
luong cung cip mude, nhigt do dinh trong
trurong hop mét may bom truyén dong Turbine
hoat déng 125%. S6 lidu tham khio tir Io
Lungmen, Dai Loan [2]
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Hinh 3: Biéu dé dong hoi qua Van tit v dong
hot qua turbine, trong truong hop mgt mdy bom
truyén dong Turbine hoat dong 125%

Hinh 4: Biéu doé dong hoi qua Van tit v dong
hoi qua turbine, trong truong hop mét mdy bom
mzyé;n dong Turbine hoat dong 125%. S6 lidu
tham khdo tur Io Lungmen, Pdi Loan [2]
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Hinh 5: Biéu d6 muc mude 16 (tinh tr bo dudi
ctia tim téch loc hoi nudc) trong truong hop
mét mdy bom truyén dong Turbine hoat dong
125%

Hinh 6: Biéu d6 murc nudc 1o (tinh tir bo dudi
ctia tim tich loc hoi nudc) trong truong hop
mot mdy bom truyén dong Turbine hoat dong
125%. S0 liéu tham khao tir lo Lungmen, Dai
Loan [2]




3.2 Trudng hop 2:

S6 lieu md phong cua truong hop 1 cho két qua phu hop véi s6 ligu tir 10 thuc
Lungmen. Chdng t6i tien hanh khao sat sy c6 mdt may bom truyén dong Turbine bi tat hoan
toan.

Két qua mo phong:

Ta thiét 1ap d6 sai 1éch ciia mot may bom 13 0% (modt may bom truyén dong turbine
ngtrng hoat dong). Hinh 7 cho thay luu lvgng nude bom vao thung 16 giam, cac mady bom con
lai du duoc kich hoat dé bu trir phan nude thiéu trong thung 10 nhung thoi gian dap ing qua
ngan Theo két qua phan tich cua PCTRAN, tai thoi diém 4.0 gidy muc nude trong thung 16 bi
thiéu tram trong, xuoéng dudi mirc L3 (364.70 cm - TAF) theo d6 4 RIPs ngung hoat dong,
cling vao thoi diém nay cac thanh diéu khién dugce dua vao 10, luong Neutron bi hap thu va
giam di rat nhanh (Hinh 7), 10 phan tng bat dau ngung hoat dong (Reactor Trip), luu luong
hoi qua Turbine giam manh (Hinh 8) va Turbine Trip 4.0 gidy sau do[2].
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Hinh 7: Biéu dé Iru hrong cung cip nudc, Hinh 8: Biéu dé dong hoi qua Van tit va dong
thong Iluong Neutron, nhiét do dinh trong hoi qua turbine, trong truong hop mot mdy bom
truong hop mot may bom truyén dong Turbine truyén dong Turbine ngirng hoat dong (0%)
ngung hoat dong (0%)
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Hinh 9: Biéu d6 muc nudce 1o (tinh tir bo dudi  Hinh 10: Biéu do méi quan hé giita luu lrong
ctia tim tich loc hoi nudc) trong truong hop cung cdp nurde ciia mot may bom va thoi gian
mot mdy bom truyén dong Turbine ngimg hoat  tit cia Io phan iing (Reactor Trip).
dong (0%)

3.3 Truong hop 3:

Truong hop nay ching toi khdo sat mot may bom truyén dong Turbine hoat dong duéi
cong suat binh thuong, cu thé ¢ cac muc: 5%, 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%.



Dé khao sat sy tit cua 10 phan ung (Reactor Trip). Hinh 10 trinh bay sy phu thugc thoi gian
ngung hoat dong 10 theo lugng nudc cung cap cua mot may bom. Thoi gian dap tat 10 hoat
dong & cap do vai chuc giay.

4. KET LUAN VA BE NGHI

Trong bai b4o nay, ching t6i khao sat sy c6 mot may bom truyén dong Turbine hoat
dong khong binh thudong cho 10 Lungmen ABWR sir dung phan mém mé phong PCTRAN.
Chuing t6i khao sat cho truong hop may bom hoat dong vuot cong suat (125%), va dudi cong
Suat (0%, 5%, 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%). Truong hop 125% cho két qua
kha phu hop vai sb liéu thuc caa 10 Lungmen ABWR, Dai Loan. Véi nhiing trudong con lai
(hoat dong & cong suat thap), két qua cho du doan vé su dap tit ty dong caa 10.

Viéc khao sat hoat dong cua 10 phan tng trén md hinh may tinh hi¢n dang dugc trién
khai tai BM. Vit ly Hat Nhan, DH. Khoa Hoc Tu Nhién-TpHCM. Vi nhiing ket qua nay, s&
la nén tang moé phong cho nhirng su ¢o tai nan khac.

STUDYING AN ACCIDENT OF ONE FEEDWATER PUMP ON
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Abstract: The simulation accident nuclear reactor on computer models has been developed to
study the operation of the reactor. PCTRAN (Personal Computer Transient Analyzer) is one of the
simulation software of reactors which have been used in some countries such as Germany,
Switzerland, Pakistan, Japan, India, Korea, Turkey, Taiwan, etc. In this report, we examine an
accident problem, namely a pump supplying water (feedwater pump) activity is not normal. Here, we
examine the reactor the Lungmen ABWR (Advanced Boiling Water Reactor), Taiwan - type nuclear
reactor third generation. Parameters of the reactor operation will be surveyed in the report.
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