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T6m tit: Su b LOCAS c6 thé dan dén viéc mat chét tai nhiét 10 phan tng véi mirc do
vuot ra ngoai kha nang bl dip cua hé théng diéu tiét, do vay dan dén khoi dong hé théng
ECCS. Khi su ¢6 LOCAS xay ra, hé thong ECCS duogc khoi dong va phun nude lam mat
khén cép vung hoat, ngan chan héong héc vo boc nhién li€u, han ché phéan tng hoda hoc
giita nude va 16p vo boc nhién lidu bang zirconi dén mirc thap nhat.

Bé4o cao nay tinh toan d6 khong kha dung cua hé ECCS khi xay ra su ¢ LOCAS 16n,
luong hoa xac suat hong hoc ciia mot sd kich ban dan dén tan suat hong hoc ving hoat.

Tur khéa: ECCS, PSA, LB LOCA.

I. MO PAU

Phan tich sy ¢b LOCAs dugc tién hanh bai cac phuong phap tat dinh va phuong phap
Xxac suat. Phuong phap tit dinh danh gia hiéu qua cua cac h¢ thong trén co s& mo phong truc
tiép cac qua trinh vat 1y, thuy nhiét dién ra. M6 hinh phan tich va danh gia an toan trong
phuong phép tat dinh khi xay ra sy ¢ LOCA bao gdm cac yéu td sau ddy:

- Ngudn nhiét.

- Phong rop va nit v& vo boc thanh nhién lidu va cac tham sé thuy nhiét cua thanh
nhién liéu.

- bdc trung nut vo, thong lugng nhiét té1 han.

- Mo ta thuc hoat dong cua hé thong 10 phan tng khi xay ra LOCA, dic biét 1a hé
ECCS.

- Xem xét d bat dinh.

Phuong phap tat dinh dua ra cac két qua vé vat Iy va thay nhiét va dy doan dap tng cua
hé théng dbi véi su c6 LOCAS, dong thoi ciing kiém tra dép Gmg ctia hé théng co thoa man
c4c tiéu chuan chap nhan hay khéng.

Phuong phap phén tich an toan xac suit dugc phat trién va cing véi cach tiép can tat
dinh b6 sung cho nhau trong viéc danh gi4 an toan ciia nha may dién hat nhan. Phuong phap
phan tich an toan xac suét két hop cac kha ning c6 thé xay ra cua cac su kién khoi dau, cac
kich ban c6 thé va cac hau qua clia chung dé tinh tan suat hu hong viing hoat, yéu té ngudn va
rui ro cua chung. PSA cung Cép c4i nhin vé do tin cay trong hoat dong cua h¢ ECCS trong su
¢b LOCA va nhiing riii ro ctia hé théng nay. Két qua ciia cac phan tich an toan xéac suat khong
chi xac dinh nhitng diém yéu ma ca nhiing diém manh lién quan dén an toan ciia nha may, do
d6 ho trg viéc thiét 1ap wu tién va tap trung nhimng cb gang vao nhiing diém nhay cam nhat va
nang cao sy an toan ctia nha may.



II. XAY DUNG CAY LOI VA CAY SU KIEN VOI SU KIEN KHOI PAU LOCA V3 LON

1. Mo ta h¢ ECCS

B4o c4o nay md ta bai toan LOCA v& 16n dbi véi 16 phan tng AREVA 1600 MW. Hé
thong thdng ECCS gom bdn hé phun an toan (SIS) va bé tich liiy (ACC) doc lap cap nude
khan cép cho ving hoat. M&i nhanh ddc 14p c6 cac bom trung ap (MHSI), bom thip ap
(LHSI) va mot dudong dua nude vao vung hoat tur bé tich lily (ACC). Puong bom nudc trung
va thip ap chung nhau cb hat co thé cach ly tir bé chira nhién liéu da st dung (IRWST). Van
ba nhanh nay ndi IRWST véi ¢6 hut cia MHSI va LHSI khi n6 & vi tri m¢. Pudng bom LHSI
hit nude tir chan noéng va dua qua bd trao ddi nhiét dé loai bo nhiét du, né c6 thé dugc khoa
lai cho LHSI dua nude tr IRWST vao chén lanh cta thung 160. Cac duong MHSI, LHSI va
dudng phun nude tir bé tich lily cing chung nhau 16i véo trén chéan lanh twong tmg.[1]. So d6
don gian dudong 6ng va thiét bi ciia hé ECCS dugc thé hién ¢ hinh 1.
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Hinh 1. So d6 don gian dudng ng va thiét bj he ECCS

Hé thong dién cung cip cho hé ECCS bao gom bdn kénh riéng biét. Mdi kénh nbi voi
mot nhanh cua hé ECCS (hinh 2). [1]
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Hinh 2. So dd dién cho hé ECCS



2. Xay dung so dd cay 15i va cay su kién

Khi xay ra su ¢c6 LOCA v& 16n (LLOCA), ap suat 10 phan tng dot ngdt giam xudng.
Dong v& lam dong chay trong khe bién dao chiéu ngay 1ap tirc va 1am giam luu luong dong
qua vung hoat. Do d6 gay nén su vuot qua thong luong nhiét t61 han cua cac thanh nhién liéu.
Lo phan img dugc dap va hé¢ ECCS duoc kich hoat dé dua nudc vao ving hoat. Khi 4p suét hé
thong xudng dudi ap suit cta bé tich lity, cac bé tich liy x4 nudc vao cac chén lanh. SIS bat
dau dua nudce vao hé thdng 1am mat sau mot khoang thoi gian tré va khi ap suét cua hé so cip
giam xudng dudi 4p suét cia cac hé tiém nude trung ap va thip ap.
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Hinh 3. So b cay sy kién cho su ¢6 LOCA v 16n [1]

Khi xay ra sy kién khoi dau LOCA v 16n, h¢ thdng ECCS dugc khoi dong. Theo so do
trén c6 cac kich ban s6 2, 3, 5 va 6 dong gop vao su hu hong vung hoat. Céac kich ban cua cay

Béng 1. Kich ban cay sy kién véi su kién khéi ddu LOCA v 16n [1]

Su kién dinh cuda cay su kién Tiéu chuan thanh | Su kién 16 M0 ta su kién
cong
LLOCA | LOCA v& 16n IE LOCA LLOCA (>6”)
MHSI | MHSI sén sang 1 trong 4 trains | MHSI 4/4 Loi 4/4 MHSI trains
sin sang dua | (FT top gate) | (train 4 16i do su kién
nuéc (train 4 16i khoi dau)
do su kién khéi
dau)
ACC ACC san sang véi:
- Khoi dong thanh cong | 1 trong 3 ACC ACC 3/3
MHSI (dk2) Loi 3/3 ACC train (train
- 16i MHSI (dk4) 415i do su kién khoi dau)
2 trong 3 ACC ACC2/3 L6i 2/3 ACC train

LHSI LHSI san sang dwa nuwéc | 1 trong 4 bom | LHSI CHR | Ldi 4/4 LHSI trains
va loai bé nhiét nha 10, véi | LHSI sin sang | 4/4 (injection/CHR  mode);
hoat dong théng qua tin | (train 4 15i do su | (FT top gate) | tin hiéu SI can (train 4 15i
hiéu duoc yéu cau (dk2) | kién khoi dau) do su kién khoi dau)

Theo cép kich ban dugc mo ta ,()’ trén, ta xay dgng duoc so dd cay su kién cho MHSI va
LHSI va so do cay su kién cho hé thong dién cung cap cho hé ECCS (hinh 4,5,6).




=2 KIRAP Windeows Fault Tree Editer = | B .

) File Ed

it Window Print  Analysis  Etc DatzBaze Help

6]

MHSI failed

MHSI

L

L T T 1
train 1 MESI train2 MESI train’ MESI traind MEHSI
failed failed failed failed

TRAIN1-M TRAIN3-M TRAIN4-D

T T
MP-M3 failed NV-M3 failed

MP-M3 MV-M3

NIV-MSE failed WV-NGEA failed

MV-M3B MV-M3A

Hinh 4. So d6 c4y 18i cho hé théng MHSI

Hé théng MHSI cung cap du nudc khi chi ¢6 1 nhanh cia MHSI sin sang hoat dong. Do
d6, su kién dinh 16i MHSI xdy ra khi 161 déng thoi 4 nhanh MHSI (nhanh 4 15i do su kién
khoi dau). Theo so d6 hinh 1, mdi nhanh MHSI bi 16i khi mot trong céc thiét bi : bé IRWST,
van ba nhanh, bom MHSI, van tay hodc mo to van. Pbi voi bom va cac van chay bﬁng dién,
can tinh c4 16i do bi mat dién.

22 KIRAP Windows Fault Tree Editor - [LHST 1 =
& File Edit Window Print Analysis Etc DataBase Help — (& %]
=l Sl Bl Sl =] o] B[]
LSHEI faled =
LHSI
L I I 1
trainl failed train falied train3 failed traind failed
TRAINI-L TRAINZ-L TRAIN3-L TRATNA-
r T T I T T 1
[EWST no water MV-T2 failed MV.L2A failed MP-L2Failed HX failed MV-L2 failed No signal
IRWST MV-T2 MV-L2A MP-L2 HX2 MV-L2 SI-SIGNAL-F
Q E-08 6. 40E-D7 1 18E-07
r T 1
MP-L2 failure to NP-L2 failed to loss of electric
start run from division 2
MP-L2ETS MP-L2ETR GEK-DIV-2
[

Twong tu nhu d6

Hinh 5. So d6 cay 15i cho hé théng LHSI
i v6i hé thong MHSI, ta xay dung duoc so d6 cdy 15i cho hé thong

LHSI nhu hinh 5. LHSI 16i khi mot trong ba nhanh LHSI bj 16i (nhanh 4 LHSI 16i do su kién
khoi dau). Véi timg nhanh theo so d6 hinh 1, LHSI 15i khi xay ra 16i mot trong cac thiét bi :
bé IRWST, van ba nhanh, bom LHSI, b6 trao d6i nhiét hodc mé to van. V&i mdi nhanh can
phai tinh dén 18i do khong c6 tin hiéu khai dong. Cac bom va van chay bang dién can tinh dén
16i cuia hé théng dién (mat dién).
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Hinh 6. So b cay 15i cho hé théng dién khin c4p, kénh 1

I1l. KET QUA TINH TOAN

Sau khi xay dung cac cay 16i, nhan Generate Cut Sets trén thanh cong cu Analysis cua
KIRAP dé¢ tao cac :[ép Cut, ta dugc phuong trinh dai s6 BOOL ctia moéi hé thong dugce chira
trong mot tép cu thé nhu sau:

MHSI dugc chua trong tép “MHSL.CUT”

LHSI dugc chira trong tép “LHSL.CUT”

Electric dugc chura trong tép “electric. CUT”

i Ky hiéu xac suat cho mdi sy kién theo cac kic ban 2,3,5,6 1a CD2, CD3, CD5, CD6 V’é
tong cua cac kich ban la SQ. Xay dung tép input LLOCA.txt va su dung Kcut ta thu duoc ket
qua cua tung nhanh cay 161 va cho toan by h¢ thong nhu sau:

Bang 2. Két qud tinh toan tAn suét céc sy kién theo cac kich ban

Reporting MHSI LHSI CD2 CD3 CD5 CD6 SQ
value = 9,315e- 2,052e- 2,729e- 5,918e- 6,101e- 9,282¢- 8.,647e-
009 008 014 014 017 020 014

Két qua cho tan xuat hu hong viing hoat ciia cac kich ban véi sy kién khoi dau LOCA
vO lon 1a SQ= 8,647e-014. Nhu vay su kién LOCA vo 16n dong gdop mdt phan rat nho.
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Hinh 7. U.S. EPR d6ng gép cua cac sy kién khai dau - Level 1 céc su kién bén trong*
(* U.S. EPR FINAL SAFETY ANALYSIS REPORT, chapter 19.)

Theo biéu dd trén, su kién LOCA v& 16n chi chiém 1% tan suét hu héng vung hoat tirc
la‘} cO Xac S}Jét 2,9¢e-9/nam. Nhu# vay, ket qua tir‘lh toan thu duoc 1a 8,647¢-14 c6 su chénh léch
rat 16n. Diéu nay l1a do su thi€u dir liéu nén nhicu sy kién da dugc bo qua trong khi tinh toan.

Két qua cho thay sy kién hong ca 4 bé tich liy (bf: thir 4 hong do sy kién khoi dau) co
gia tri f-v cao nhat 0,6844, sau d6 la sy kién lién quan dén tin hiéu khéi dong LHSI 0,254.

Bang 3. Két qua tinh toén gié tri f-v

no value f-v acc cut sets
1 b5.918E-14 0.6844 0.6844 LLOCA 3ACC
2 2.196E-14 0.254 0.9384 TRAIN4-L SI-SIGNAL-F LLOCA
3 3.782E-15 0.0437 0.9821 TRAIN4-L MP-L1FTS MP-L3FTS MP-L2FTS LLOCA
4 1.545E-15 0.0179 1 IRWST TRAIN4-L LLOCA

Pé tinh cac dai lugng vé Importance, ta xay dun g mét t€p import.txt va chay vai keut
thu dugc két qua nhu sau :

Bang 4. Két qua tinh to4n gié trj Important

Event Importance Information

no event mean f-v rrw raw pd
1 LLOCA 1.33E-06 1 9999 751879.7 0
2 3ACC 4 45E-08  0.6844 3.169 15380840 0
3 TRAIN4-L 3.95E-02  0.3156 1.461 8.67 0
4 SI-SIGNAL-F  4.18E-07 0.254  1.3404 607543.9 0
5 MP-L3FTS 4.16E-03  0.0437  1.0457 11.47 0
6 MP-L2FTS 4.16E-03  0.0437  1.0457 11.47 0
7 MP-L1FTS 4.16E-03  0.0437  1.0457 11.47 0
8 IRWST 2.94E-08 0.0179 1.0182 607544.2 0

Theo két qua nay, 156i do céc bé tich lity, hé théng dién va va 16i do bom cua hé thong
LHSI dong vai tro quan trong. Nhu vay c4c thanh phan nay can dugc quan tdm nhat khi bao
tri bao dudng va van hanh.



IV.KET LUAN

B4o céo di bude dau tiép can va st dung phan mém KIRAP tinh ton x4c suit hu hong
vung hoat cho sy kién khoi dau LOCA v& 16n trong 10 phan ung PWR. Két qua cho thiy
trong sy cd LOCA, cac bom cuia hé cip nude khan cip dong vai trd quan trong can dugc quan
tam trong qua trinh van hanh cting nhu bao dudng.
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STUDY OF THE UNAVAILABLE OF ECCS IN THE EVENT OF LB LOCA
OF PWR USING KIRAP

Abstract : LOCAs are postulated accidents that can lead to the loss of reactor coolant
beyond the posibility to make up by normal coolant system and lead to initiate other
emergency sytem. The ECCS has an important role in ensuring the safety of NPP when
LOCA occur. The ECCS system inject Boron water into RCS in order to cooling reactor
core, preventing the damage of fuel cladding, mitigating the reaction betwent water and
zirconium as low as posible.

This study considers the unavailability of ECCS to meet the reactor safety requirment and
probability of core damage when LB LOCA occur.
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