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I. The Project Title

Development of Risk Assessment Technology for Low Power, Shutdown and
Digital I&C Systems

II. The Objectives and Importance of the Project

Both the operational experience and the PSA results indicate that the risk
from low power, shutdown (LPSD) operations could be comparable with those
from power operations. As a result of economic imperatives and risk-informed
initiatives related to LPSD operations, this project has initiated with the following

objectives;

O To understand and assess LPSD risks that are insufficiently modeled in

conventional PSAs
O To develop methods and tools for better management of LPSD risks

O To reduce uncertainty that can affect the estimates of LPSD risks

Meanwhile, the obsolescence and narrow market security of the analog
technologies substitute the digital I&C components for the analog ones. For
instance, the safety-critical digital systems such as digital plant protection
system (DPPS) and digital engineered safety feature actuation system (DESFAS)
was adopted in Ulchin 5 & 6 units. As of now, however, the application of the
conventional PSA methods to digital I&C systems is inefficient and may yield
unrealistic and misleading risk insights regarding safety—critical digital systems.

Thus, the project has also initiated with the objectives;



O To provide PSA platform for evaluating digital I&C risks

O To develop methods and tools for treating the digital-specific safety-critical
problems in digital I&C PSA

O To feedback risk insights regarding digital systems in the design stage,

thus to support licensing activities of regulatory and non-regulatory side.

III. The Scope and Contents of the Project

There are two technical areas to deal with in the project; (1) the low power

and shutdown PSA, and (2) the digital I&C PSA. Each of the areas covers the
scope and contents as follows.

The LPSD PSA Area

O Quality assessment of a LPSD PSA model for a Korean Standard Nuclear
Power Plant (KSNP)

O Quality improvement of the KSNP LPSD PSA model in the following four

technical areas

- Plant operating status (POS)

Initiating event analysis

— Determination of success criteria

!

Accident sequence analysis
O Development of the LPSD risk management technologies

- Study on the initiating event reduction techniques and configuration risk

management techniques

The Digital I&C PSA Area

- X -



(O Unavailability analysis of Digital safety systems such as Digital Plant
Protection System (DPPS) and Digital Engineered Safety Feature
Actuation System (DESFAS)

O Impact analysis of the digital safety systems on plant risks throughout of
the digital plant risk models for evaluating core damage frequency (CDF)

and large early release frequency (LERF)

O Study on the methodologies for treating digital-specific problems in the
digital 1&C PSA such as reliability of safety-critical softwares, common

cause failure (CCF) of digital components, fault coverage, etc.

IV. The Results of the Study

O Quality assessment of a KSNP LPSD PSA model

~ Based on the ANS Draft Standard (as of 13 Sep. 2002), we have
performed a self-assessment of the quality of the KSNP LPSD PSA
model. The aim of the self-assessment is to efficiently allocate the
limited resources into the technical areas required for improving the
LPSD risk model of which the quality will be appropriate for supporting

risk-informed decision making.

- The review of the KSNPP LPSD risk model has been accomplished in
two steps, (i) internal review and (ii) independent review. Some domestic
experts with experiences in LPSD PSA have independently reviewed the

results of the internal self-assessment to ensure their objectivity.

— The overall quality of the KSNP LPSD PSA model is estimated to be
between Category 1 and Category 2 (1.5 level).

O Improvement of the KSNP LPSD PSA model

- X -



— Re~evaluation of POS throughout the state-of-the-art of refueling outage

information

= The systematic methodology for selecting initiating events was developed,
which consists of three steps such as selection by logical approach,

experience data, engineering design review.

— A database of LPSD initiating events (total 625 records) was developed,
based on operational experience during the period of 1993 through 1999 in

foreign and domestic plants

- Reactivity accident scenario by the boron dilution classified as the
LPSD-specific initiator (total 225 cases = 15 scenario x 15 POS) was

assessed in the qualitative and/or quantitative manners.

- A platform for relatively detailed thermal-hydraulic (TH) calculations to
LPSD conditions was developed in the study, based on a best-estimate
TH analysis code, MARS2.1. It is because both plant response time and
recovery time are important attributes to accident sequence analysis in

LPSD PSAs.

- To verify the efficient operation of the MARS platform during the LPSD
conditions and improve the quality of success criteria area in KSNP
LPSD PSA model, many TH analyses were performed for the loss of

shutdown cooling events for various POS.

— The detailed TH analyses were performed reflecting the LPSD-specific
characteristics in the project. They include PSV (Pressurizer Safety
Valve) stuck-open, gravity feed, cold over—pressurization, reflux
condensation, etc. Many fruitful risk insights at LPSD conditions were

obtained from the results of these TH analyses.

O Development of the LPSD risk management technologies

- xiii -



— A computer program, LEDB (Low power and shutdown Event DataBase),
for searching and analyzing initiating events from database was

developed to reduce the occurrence of initiator at LPSD conditions.

— The development and assessment of the demonstration models for
managing configuration risks at the limited LPSD conditions such as

POS #1 and #2 were performed.
(O Unavailability analysis of digital safety systems

— The detailed unavailability models for digital plant protection system
(DPPS) and digital engineered safety feature actuation system (DESFAS)

for Ulchin 5&6 units were developed based as—designed information.
O Impact analysis of the digital safety systems on plant risks

—- As the digital plant risk models, the CDF (Core Damage Frequency) and
LERF (Large Early Release Frequency) models were developed including
reliability models for DPPS and DESFAS. Several sensitivity analyses for
digital safety-critical features on plant risks were performed using these

models. Many useful risk insights were obtained.

- The interface model and methodology were developed to link digital
systems to plant risk model as follows: 1) The detailed model for
assessing ATWS (Anticipated Transients Without Scram) frequency, 2)
Development of the methodology for CB-HRA (Condition Based Human

Reliability Analysis).

O Study on the methodologies for treating digital-specific problems in the
digital I&C PSA

- The development of the technique for selecting and grouping digital

equipments to analyze common cause failure (CCF) was performed.

- The methodology for evaluating the reliability of safety-critical softwares

- XIV -



using bayesian belief network (BBN) was developed and it was applied
to the KNICS (Korea Nuclear 1&C System development center) RPS

software which 1is in its requirement stage.

- The hybrid modeling method for quantitatively evaluating the fault
coverage of fault tolerant techniques or equipments, e.g., watchdog timer

was developed.

V. The Proposals for the Future Applications

O The results of the LPSD PSA research project can be directly used for the
high level risk-informed applications initiated in the near future, e.g.,
Graded Quality Assurance (GQA), On-line Maintenance (OLM),
risk-informed design (Option 3), and so on. The results were also utilized
in various applications such as the improved check valve model adopted to
MARS V3.0, the improvement of the PSV popping tests based on TH

analysis.

(O The results of digital I&C PSA research project can be used for
risk—-informed decision-making related to digital I&C system. They will be
used to develop the procedure guideline for digital 1&C PSA in the near
future. In particular, most of them are being also used to improve design

of the digital safety systems in KNICS, KOPEC, Samchang Co.
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d=re]l =7} 71#<Q Health and Safety Executivedl M= #& AFE 33}
=

Fd, PSAZE ¥ dadte e =& ¥ FAEd By
o

n = MY ol )ste] Safety-Critical Systems A E]&= 1998 o] A ¥
L} Semi-conductor Integrated Systems AE 2] 7] AFE ojojytol A&Ego g
AR s A7E AEKTE 7ideld, ul59 NRC, 53, NASA, 74 ¥
SLEREH AFHE AYvtel fAE AlFY A B ATE TS

=
o 9A UAE 71719 FELA Dol B mLAE AZdE 5 AEAe

WF ok gAY NRCS 28 27b 7l8g gaew A B4 &
3l MEADEPS 7% sulals 34kl SoHaRAHH )% B d78 35
. MEADEPE vwl3Z-mdo] s ¥ duel5e olgata A% Afs

A5 hTEdofoltt V&Aoo thRa Qi Pekrt A@Hel L, A

L2

%o

it

onl

T Abgojgo] Rt wpmE-wdo ET A7yt AFEvE Rol A
o}, Westinghouse®} At dAAE AL AFE A3 ZFoltiTang, 1998].

Yy ZF 29 AE SiemensE FAHoE A7 AdHE U v} Siemens

brAN gl AHY F AEE AAY XY FUQ Teleperm NP =E 4
Ash] gEelVE FH, F8 ATE FEdold 1o AFH Yov sTEY
g TP A ABY AWYFL AT obd W FF FFolnh
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2004]. Z1#y} Halden Z2AE9 HAN 7]E
Aol 7Nk G7F AAE AFTFosAq aZdWTAY 37 5 st=dols 2§

d AE gk ¢

2
ox,
o,
N
)
re
1
rir
(03
L
2
=)
ool
2
o
oldh
o
Au)

N
r
o
N

sule] A, A 056 7o HAY RPS/ESFASe] =4 g0l upe} o
Aol e PSA Rdo] QI7F A dS St 1A wAA sz

ek 114, 20001 23y, 23 56571 tlAE bH AFel o PSAE 7
E9] PSA AAlC] A" s=dolis A sow HAHA APE Hrlid =

it

2 3 AANAAE AALZ/)E AL ARIAL A
DA R2vE AWNN Fo akr)ee @ BolEA JE ATE

ol ¥ AL A& T A A PSA R Ayt
pei

HAE dap B3 A= Jrh Vs 2FE ARE AT, 48, v,
2, Hl= o AR molA AFTE e wel ofFoX 1 Yt dE £,
MIL-HDBK-217F [MIL, 1991], Bellcore [Bellcore, 1997], v]=r RCAA}2] EPRD

' AR AER dF 7|HE FA AlFer E3 ol ARES
Mo s Tagoly At fgAd AA AEe] AT 455 HEsA s 9
& FE 2ZEHY =4 - 4dE 59, RELAX, ITEM % - E°] /EHo
RAM (reliability, availability and maintainability) &okellA o] A}E-¥ 3 9=

Aotk A4 AYANME AR D AT £ FAL F/2H 7
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et OECD F3#og =g TS 109 MFe ZAFTEAFE COMPSIS
(Computer-based systems important to safety) T2 A E7} T ZW e}

Tl s B AAEALTAETRYZ AAD 71719 Afge] B8 AF
£ b 9A AFsel A 2 s@elw FuAE §U8A Ax17] A
_—rL

A EHEeE FE AZEYo #7AQl ERISE MEdd vt JduHHAAFAA

1

d, 1999]. zeivh oL A9 dido]l TAIHHE Y|7lo]lERE bdA BAHrRvE A
BlESTE A% FHgrst 2 AuFr] d39
& Ae 7lEo] ofdrh dxdAgdF L e 2442 MIL-HDBK-217FE 7]
Rbo sho] dzEdd s EXd 2E JAES FEtY 4 A RE 1%
o] @74 RPEE (Reliability Prediction for
Electronic Equipments),& 713k v} I a[ZA52, 2000], gh=r347]< A (KAIST)
AME  FARE A& s b . 2 FAAldAdE €4 9d9 PDC
(programmable digital comparator) o th

¢t MIL-HDBK-217F¢] A% o F 71ye] g s 4 ZA(ES vu &
A5 vk ATH A EA, 2002, G243, 2003).

AT EG AT FH7} Wy o7 ¥

A" 1&C AN E ol rxEdolE Felate] Aztal7]

HA % Ews] AYs s gk, B IAoa a7 Ao g = 4
(safety—critical) S3ZE g oj= I-A1=2A (reliability—mission)%te] 2%
He it azEdojshs 2 1-bdA (safety-mission)o] &7HE I

5402 98 o T U@ AFH NPE B4 PREL J)E 2xEeg)
].

o
rﬁ
%

gt o] AlE]
mdeo] gAFe] de AAHWA 1990t Fute Mol BAHow A
7] A2t Butler, 1993; Littlewood, 1993]. o 7] A=, E Aol 4

¢l Bayesian Belief Network (BBN) 71¥¢] A& #&HE -9 A7 A vl
< AHEVE Fr)
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FHe Ag, dTNAE London W8 Queen Mary Wdtoll A tjx g Al ~
g/t aTEd A orAAT  AFEe  thi A4S Bayesian Belief
Networks(BBN)# Testing 7IH& 2 3319 20 [Littlewood, 1993], OECD
Halden Projectel Al <A AZEY O] HF F9 s}l RTCA/DO-178BE 7]t
o2 FF AwuAeld A" LxEO ] kA AHA H7E BBNE o
&8t T A Thunem, 2004]. Eo, Zabxo] EdFel Ad =9 VITS &
ZIgellMe 74 T4 35979 9308 Halden T2 AE London U3 %3}

ToE 9T JE gAY Axde] azEeEgo]l A% Hrld BBNS 43l
A A5 A v o

r=re) A, FTHEAT4A LLNLYIA NUREC-0800S 7|Wro s otHAZE
Aot AAEA Fde 9% BBN RS FHE wb 9, Virginia e,
Maryland Wj& SolA = Testing, V&V 1 A

Bl o] trkzt VIME Age FeAHA Waow <l

Aot bdA H7 U E AFE S Fol I
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E 2-1 F QAo UAY 7159 £q A% (42EA: KINS)

Systems

Reactor Trip ESFAS Protection NSSS ine C Main Control
Plants System Systems Process Control PCS Turbine Contro Board
) . Relay Logic Relay Logic Foxboro Foxboro Foxboro .
Kori No. 1 (WH) (WIH) H-line H-line Heline DCS Conventional
Kori No. 1 . . Spec200 Spec200 Spec200
(Upgraded Rel(wlh;:glc Re|&¥"l:’c))g|c Spec200m Spec200m Spec200m DCS Conventional
in 1998) (Foxboro) | (Foxboro) (Foxboro)
. SSPS SSPS
Kori No. 2,34 . . 7300 7300 7300 Mark V .
Py Relay Logic Relay Logic Conventional
YG No. 1,2 (WIH) (WIH) Analog Analog Anailog (GE)
: R Spec200
Relay Logic Relay Logic Analog LS Mark V c i
YGNNo. 3,4 (ABB-CE) | (ABB-GE) (ABB-CE) | QPSRN | (Fomey) (GE) onventional
Ulchin No. 3,4 Relay Logic Relay Logic Analog SS’:;;ZO%% PCS Mark vV Hybrid
YG No. 5,6 (ABB-CE) (ABB-CE) (ABB-CE) (l?oxboro) (Eaton) (GE)
DCC XY
Relay Logic Relay Logic Analog/PDC Analog/Relay Mark V .
Wolsong No. 1,2,3,4 (AECL) (AECL) (AECL) C%n;::::rgelrs (AECL) (GE) Hybrid
. PLC PLC Analog Spec200 PCs Mark V .
Ulchin No. 5,6 (WIH) (W/H) (WIH) (PLC) (HFC) (GE) Hybrid
Shin Kori No. 1,2 PLC PLC Analog S(plffé;m TelepermXP | Mark Vi Hybrid
Shin Wolsong No.1,2 (W/H) {W/H) (W/H) Ovation(W/H) (Siemens) (GE)
Shin Kori No. 3,4 PLC PLC Analog/PLC Ovation PLC Mark VI Compact
(APR-1400) (W/H) (W/H) (W/H) {W/H) (W/H) (GE) Workstation
HANARO Relay Logic Not Analog Control Not Not Hybrid
Reactor (AECL) Applicable (AECL) Computer Applicable Applicable

[_] Digital 1&C modules
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A1Ad BA/AEE A= |7 Jls AL

A B3 We AT A AAHeR FAR
oA olefol H: AYE AW B %o Pty AT o
A% PSA J18e) 717

A HZ (GQA; Graded Quality Assurance) &2 &
& ok Option 1 A8 Hotol uls) A&E" 9ldx AR Bk opdal AX/A

=8 SAYE AEAAE 27 AR AFE PSA REE By =

i
M
S
o
}rl

& e FA 57/ N1FL nEabeiopn shat)
STiiel A= ok Option 1 %4 #okdl w721 913 Option 2 & A2 3}e]
=

Z o]l thE HolA HA/AEY PSA 71¢ AEe e @S s
oz} & 4 gt} ol2 d B A= 28 3-10)4 B nle} ol
A At aFARFP)Y whet 2 @Al (20024 - 2005.2) 2 3 @A (20053 -

T
R

Az

2007.2)°1 2A 719 mEdd AA/AEY 194 WPAD PSA RdS ANS
I 5% F2870E& TF3e AA/AEE Ad= HrF 2d - 717 g 93 =

2] (CRM; Configuration Risk Management) 249 - & 7jwste] A= /x| &

v 4 98E 9 2 B /e Fusad @k

Mo
2,
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422 ANS standard [ANS, 2002] wha)

o}

A} 3L

o]
=

=4 EoF (IE), 4571F 24 2ok (SO
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g5 Avk. A 47

#°F (HR), dlelH

W 2w ogd o] 4
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X
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e
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ez
=

ste} 2

= =
= [}

Al
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K
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& PSA 7)< 7
A

=
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g 24, IE:
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+ FastH, PSA 2l F4 9t V1EE vhesty] 98 IAEAE v R v,
w5 9Hd AdZolME Zrad wEg vlgola Ut olYd g dFo
2 AA vFelMe AEY 194 AR PSA Yo 4 HUME Y5t ¢
A AFA A i 7]19-¢] NEI (Nuclear Energy Institute)”’} 2t4 3+ NEI PRA Peer
Review Process Guidance$} 7f#] 7]3#<l NRC7F vl= 717188 (ASME)o] 2
stef zHd® ASME PRA Standarde] A AR Fofl vk (29 3-2 #=x). o]
ob= Mig AA/AEY PSA RHle] #4 HUtE fstd 2 va dxE g
2] (ANS)9lA] ANS Low Power and Shutdown Methodology Standard[ANS,
2002]= et v o ol Z<9H(draft) @AlZ ASME PRA Standard®} A ¢
AR WAl o g A E o] ot
= A E BA/AEY PE AR F§ rrEAe] 7HET PSA XFE
Edo] 7 712 A5E vtdsty] Hste] d#F 56 571 AA/AEE 19

A7 PSA 29S8 iAo s ANS Standard (Draft)e] 2 o790 oz 2d 5

O 9% 56 571 AA/428 197 WEAA PSA HuNe 8z 24 A8
S - o2 5Y, 44 2 wds o9 AR, 958 B Ar, A9 A4

O ANS Standard®] 2.1l dis] Al HAES AT ANS Standardoll = F 10
M FokR yirolA glev 43 56 57 BA/AEE PSA HAE WA
= 270 &0k - WiH e A (P 9 gigxriwEdsE 24 (LR) ®oF
- As 878 Fokel 437 49 2 A (HLR; high level requirement)o]

3t & 21870 MFQA(SR; supporting requirement)E AE Ao ®
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% 3-2 71% Bopd ulu)y 2 AH A ok

A2Bl1&C2: HA /¥

=4 2dH LB A% BA(NA AEAZF I1E3)
-4 7 A3 9
®s) [P Q
AL AR HA AAS A7: A3 2 (precusor) B4, A0 TE5 7] 2744 24
B2: 29344 AAS, B4 LERFIE 14,
E71IARAICLd L 6 B8 3/, C2: oMlelA ek Wy o) g, C3: Calendar vear
(IE) beae AAF, C4:AZA Z71AbA Az AL G5 2ARA Cl0: ARA7T
H] 24,
D1-D4: 23 2 QA
AT AIZE B4 2 7%,
Am?szi)-ﬂ B3 AT AYY AASH ZA D o BA
(A C2-4: A&
oz (ALTESY ZHEG Ao BEUA, ASAIZ AN dFAT E4
"IOT |mepsase gmAmg ey AL R Y B
C1,C2&C4: %A 3}
Al EEH 71E 2 A8 9B A4, AldFAE BE AL
AlS AT AHOIZFQ B B AR T&MA SR 2 Ax9e A4, A9 =Wzt
29 A,
AEE A B1:CCF root cause @ 324 B5:HZAE (AAZZAF &4 2A)
(SY) B6:HZAE (AEZ7/EF UFA7ZH), BT:27- 2 344 s B4
B9:BxAE (V71&F=d&EY ), Bll:ASAF=E] 4R, Bls: o5
SSCel 7% €949l ¥4 (NPSH, steam binding%),
Cl&C2: B A3
ATAALGLFH T AL-3(AF ), Bl-2(AEEA), C1-3(FFEA),
D3-7(2 R 8g #7),
oo PEEZFUAZREF: B34 (2@ ARFF), Gl (FAFERA), G2 (FHLF ¥
L(;H—{)Tr AALF H7H, G3 (IF shaping factor), G7 (F54 ¥4), G8 (2 #®

A), GY (FAAY BFZHdA B4) H2 (AEZA 2A), H3 (FEZXAAY
Za BA)
=

b T2 A3

ehd
o

o o] B -4

Q

AZEFFAHEE 44 & Ag44,

Bl&B2: 2§77 1&5

C2-10: 2 FAFEFH
A

D1&D4: IFE4FF (W o)A ¢t update), D2: AEIBG AFE F=2 % FA 3}

’

’

DA In3nszm(sA4 94), Db LALTG CCF BE 34 (4284 2
mapping®4), D7:PSA updater] ZTHAHAE AH ALE,
El1: &AM 3}
B3: truncation error &<l, B4: 3 HAALA ZALEAL,
C2: A F/F F54 A EA,
A kst D2: AAHECE A A AE), D3 23 vl ¥4, D4:
(QU) non-dominant cutset &<l D5: 2% ¥4 A AE,

El-4: 234 EA,

F1-3 & F6: %43}
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1. RCS Wzt 9 w5 101 101 120 | 120 9% - 30
* CV Stepping % Crane &4 = - - - - 40 -
* A= Fofdn] B3 - - - - - 74 74
2. S/G M/W 7N/ x=Z A3 - - - - 12 - -
3.9AR= 24 64 64 60 60 47 61 56
4, dB=E 47 47 76 76 92 99 90
5 ARG A} 78 78 92 92 134 73 72
6. A=A 56 56 96 96 38 111 106
7. AR EHY 131 131 69 69 57 79 54
8.S/GMW 29 /=22 AA | - | - | - | - - -] -
* Uxw FgiAdv] 29 - - - - - - 80
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3 3-8 MLD 7ol oz A8 2F&dd 274 71004 5=
MLD ¥ % 2 H] 3

1 MLD-1 Inadvertant Born Dilution

2 MLD-2 Interfacing LOCA

3 MLD-3 Steam Generator Tube Rupture

4 MLD-4 Maibtenance related LOCA Inside Containment

5 MLD-5 Maintenance related LOCA Outside Containment

6 MLD-6 LTOP

7 MLD-7 Vessel Rupture

8 MLD-8 Large LOCA

9 MLD-9 Medium LOCA

10 MLD-10 Small LOCA

11 MLD-11 Loss of RCS Flow

12 MLD-12 Loss of MFWS

13 MILD-13 Loss of Steam Flow

14 MLD-14 Loss of Offsite Power

15 MLD-15 Loss of SCS Flow

16 MLD-16 Loss of RCS Level during Mid-Loop Operation

17 MLD-17 Increase in RCS Inventory

18 MLD-18 Decrease in RCS Inventory(Non-LOCA)

19 MLD-19 Steam Line Break

20 MLD-20 Loss of 4.16kV AC Power

21 MLD-21 Loss of 480V AC Power

22 MLD-22 Loss of 125V DC Power

23 MLD-23 Loss of 120V AC Power

24 MLD-24 Loss of CCW & ESW

25 MLD-25 Loss of Instrument Air

26 MLD-26 Loss of HVAC
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A B MLD 24 A= Ay B4 Zx Fay B Ax HF HdE A WA 7kE POS
MLD-15| Loss of SCS Flow By o]y A AA POS 3,4,5,6,7,9,10,11,12,13
Az Wz | MLD-15| Loss of SCS Flow QA Wz} 7] F 4 ) AE AA POS 3
A At | MLD-16 | Loss of RCS Level | AAWZ FZ 37 & SL3# SOZ %3 | POS 4511
MLD-15{ Loss of SCS Flow APz AZ 74 S13 S2= 2y POS 3,45,6,79,10,11,12,13
MLD-8 | Large LOCA LL POS 12,1415
MLD-9 | Medium LOCA ML POS 12,14,15
MLD-10 | Small LOCA NL POS 12,14,15
St G t
MLD-3 |5 TR e g sy SG POS 12,1415
Tube  Rupture
Maintenance related
A MLD-4 {LOCA inside Hg7ts dZdA AdAz HL POS 3456,7.910,11,12,13
A Apa Containment
Maintenance related , .
MLD-5 |LOCA outside AFET 40 AT JL POS 34567, 9,10,11,12,13
Containment
MLD-2 | Interfacing LOCA A A POS 12,14,15
MLD-7 | Vessel Rupture Al A A POS 1,2,14,15
| PSV AWz akab s | PL POS 2
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MLD &4 23 23 @A 7Hs POS
MLD-11] Loss of RCS Flow Y w3 S A} POS 1,2,1415
MLD~-17} Increase in RCS Inventory POS 1,2,14,15
MLD~-18 | Decrease RCS Inventory POS 1,2,14,15
MLD-19| Steam Line Break POS 1,2,14,15
31 %] POS 2
MLD-12| Loss of MFWS POS 1,2,14,15
MLD-13| Loss of Steam Flow POS 2
MLD~-14| Loss of Off-site Power Aol 2= POS
A A = POS
MLD-20| Loss of 4.16kV AC Power | 4.16kV & 2 & POS
480V A 2
MLD-211| Loss of 480V AC Power oo AT 2= POS
MLD-22| Loss of 125V DC Power 125V DC A 2E POS
MLD-23| Loss of 120V AC Power glff;i AC Zeal A% 2E POS
2~ 1l om) A~
MLD~24| Loss of CCWS & ESWS %:glfjf =R TE POS
MLD-26| Loss of HVAC ZE POS
MILD-25| Loss of Instrument Air 2= POS
MLD~-1 | Inadvertant Boron Dilution | ¥&% A1 POS 2,3,456,7.10,11,
12,13,14
MLD-6 | LTOP A2 IS At AL B AT POS 3, 13
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Diluted RWT + Spurious SI

Diluted RWT + Inadvertant Leakage to

1B 1.5e-8 =g
Reactor
1 Ditluted RWT during Reactor Cavity Filling Not uj) -
(Cavity Flushing® & ¢ist A% x3}) Significant =)
2.7e-8
+ Di - B} -
1D LOCA Diluted RWT (A7) i
Diluted SIT + Inadvertant Opening of B -
e 2A MOV 6.9e-10 it
2= 2B Diluted SIT + Leaking MOV 4.1e-9 -9
2C LOCA + Diluted SIT 5.4e-8 wE
3 LOCA + RAS + Diluted Sump Water . th LS=4
Significant
Not
hi ;| =N
4A LOCA + SGTR Available +5
4B SGTR + LOOP + Backfill Cooldown 3.0e-7 =S
AC DﬂuthI.l during SG Maintenance [Swedish 1.0e-8 o] A =
Scenario]
5A |LOOP during Startup [French Scenario] 28e7 g
£ P (Hdzh) =
5B Leaking RCP Seal during Pressurization ~1.0e-8 W=
5C Leakmg ‘RCP Thermal Barrier during ~10e-8 W=
Pressurization
6 Diluted SCS + SCS Startup ~1.0e-8 w5

- 62 -




g
(e

o

& 314 #

Aol Ag Tbsd B 84 A Auele

RWT7} g4 &o] g, ks Ago] &
Wl e fAse deelA, 244
o SRTFY =0t 71E

el
2
o
of
2
i
do,
r
>

1B

RWTZF gl A sjo] 9la, RCSe fdle]

QF S
=Ael Fo] Aolo 9 FMFr) wHoz F9.

[4e2 FA5= 49, RWIHH =
dowe FAdd Wy adz Jdd F2rt FRFY, g AFASF gag

1C

flushingS AF&3F cavity 4 &9 4

RWT7F gA 5o Qi RWTelA 88 FFdtol 88+ cavity 244 water
]

M
Y
-
S
k]
e
r 2
o
ol
of

1D

O

5 .
RWT7b 3450l 913, LOCAR dla] BAE a5y As7t 24w, ol
N15E wPAY SHFY BLE B HH57) walow $99

2A

2B

T7F A2 §FEd.
SIT7} 845 Aelolz RCS ¢tdEo
AZlddg el a2 s 344 mAog fdgh

= H
SIT7F 348 Aefo]lal RCS ol SIT 48Ry WA $X51 1S o, SIT
7
5] o

] SIT ¢8R 34 £X

2C

A3l RCSe| 4ol SIT ¢4 ¢lst=

4A

4B

2 18
e
off
o3
o
¢]
Q.
=h
=
o

4ac

Aol A% Qs SG Fuel ol WAL B 273
#1517 W), RCP7F HhAl 7152 2§ ATl %

3]
AAz7t A D Arjoln SCS7h £4FY W, SGE| BF AMNE FAE 24
=] Lg =2

5A

How F743 fFydn
A2 A7]F =F, RCSY Ba% R 34& 98 VCTY

= .
TR

A% 71F50] VCTe A4 gxg JztA)7)

&9 QAN AL wAse] RCPE AAE 3 RCS %
CaEyg dARdslel os Afel FFHE FAWTE &
h=3 7

Aol & RCPZL AVIE B 0 wAHOR F353

oB

oo | P
)

o/
to
£
=)
@]
av]

Ja]

195 RCP 7154 w4lo

AEol & Fola RCSE Ea¥E FAE Y V
DEF7F FEEo] RCSY AATHZ Fdd9) o g

oC

o o ML odl |RE 2 o o nZ |k

22 e X
ok |
=)
lo

offt | fu

&3
X
oL

B fn
N

d o, 7I7IgAAEY] &

é“‘g :10
o [z
ofy {1

of

4
e
i
I3

Barrier)& 2
Al wdoeg F435 599

o
s
uat

[s]
ar .
CP € A3 (Thermal

ojgA AATIoR

aEl

],
RCSe AA+rez2 FY=dh

t}

S

|
O

e

X

f

e
O
ol

L
g3}

2 34

rr R oz
RN

_,d
- |0
O
w
it
my)

O
w
=2
2
iih)
>
NS

Bl

o

1A

o

£ o
ik
N

Ok ¥0 il

- 63 -



POS [POS | POS| POS POS¢POS PCS | POS | POS | POS | POS | POS | POS | POS | POS

A2l
1A
1B
1C
1D
2A
2B
2C

3
4A
4B
4C
5A
58
5C

6

- 64 -



3-16 FxddH 2T

dx 9A (Zion)

RWST(Refuelmg Water
Tank)

RWT (Refueling Water Tank)

174

174

425,000gal (1.608x10° ¢)

698,000gal (2.642x10° 2)

1900 ~ 2100 ppm

4000 ™ 4400 ppm

RWST 49 <

RWT 9 < 76%

(VCT A4

VCT +4 < 3 i] H+= 13%

VCT 9 < 5%
(VCT iﬂ A = 4917gal)

2.8x107°

Er

of SITol thgk HAAS B

AU (87 5-6)

Accumulator

SIT (Safety Injection Tank)

470

471

7,000 gal (2.65x104 ¢)

13,898 gal (5.26x104 ¢)

625 psig

625 psig

1900 ~ 2100 ppm

4000 ~ 4400 ppm
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Disk arm length(m) 0.258 0.126 0.243 0.132 0.152
Disk mass (kg) 41.640 10.070 62.595 15.150 23.269
Arm Mass(kg) 20.956 4.808 24.675 8.709 11.249
Avg. Mass (kg) 52118 | 12474 | 74933 | 19.504 | 28.894
(Wdisk+1/2Warm) ' ‘ ' ] ]
Moment of Inertia(kgm?2) 3.681 0.209 4.769 0.356 0.711
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# 3-25 27|24 AN A3 vl

RELAPS REALPS

Parameters Experiment MARS2.1
/MOD3.2 /MOD3.3

Upper plenum pressure (MPa) 0.10+0.008 0.10 0.10 0.10
Total primary mass (kg) 1135+30 1110 1068 1111
Hot leg void fraction 05 0.49 05 0.5
Temperatures (T)

Core inlet/outlet 63.6+2/63.622 | 62.2/65.2 62.5/66.2 64.6/67.7

Hot leg 62.8+2 63.7 66.8 675

Cold leg 52.4+2 53.8 53.6 545
Nitrogen mass fraction

Upper plenum 0.88 0.83 0.81 0.81

Pressurizer 0.85 0.85 0.85 0.85

Hot leg 0.89 0.83 0.81 0.80

SG inlet plenum 0.84 0.84 0.82 0.81
SG 1 secondary side

Pressure (MPa) 0.122+0.004 0.122 0.122 0.122

Average temperature (C) 65.0+2 65.6 65.7 65.9

Total mass (kg) 1134+25 1134 1134 1134
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feedwater -“(1536>

(8257}

-—(7.748)

= —{7.748)

150 jems 137 132 13

:E"M 133 {138 137 {442 136

Loop 1
-—-(3.656) 881 891

tegend |

D volume
- time-dependent
volume

et junction

% heat
4 structure

—-{xx.xx} elevation, m

~+(2.565) --{2.595)

—{(-2.184)

1" 3-60 Ak AN A A

@) Az 24

3t 3-26:= RELAP5/MOD3.3 ¥ MARS2.1 Z=9 23 ZAxele] Atz 313

oA ls] #43 Frteke A& & & vk B8 37 3-62¢4 Hi wpe} ol
2AFSe] bH 2 oF 50009 Ad AzHE T3 FUEe A4S & 5 Uk o)y d
A2k g 24F9] 948 Foli= RELAP5/MOD3.3 ot MARS 9 Alabel o Ut
Fol A TG do] 2xF9 SR B AEHA G dES YERT o

23 1342 9 2329 daAd g b= RELAPS/MOD3.3 ¥ MARS H=e
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B 2Ae e 2N BN 71249 n@ARre] AdHoR
98]  RELAP5/MOD33 oltb MARS21 #=¢ o2& d@Ao|rt, &9
RELAP5/MOD3.3 % MARS #ZZ &= #FWZE 292 93 AW vz wy A
o] el dasie Ata A9 B4 2 AF JE AAL 9% AN z=
A3 How Amdr.

E 3-26 Al BA Lo £ AF
Event Experiment | RELAPS RELAPS MARS2.1
vents

(s) /MOD3.2 (s)|/MOD3.3 (s) (s)
Letdown via RHRS opening 0 0 0 0
Sight level indicator opening 0 0 0 0
Core power build-up 0 0 0 0
Core power stabilized at 143kW 14 14 14 14
Upper plenum saturated 519 500 * *
Upper head vent steaming 1120 1200 3870 3570
Reflux cooling starts 1207 1300 1250 1290
Pressurizer vent steaming 1792 2800 4770 4230
Letdown closed 1800 1800 1800 1800
SG1 ADV opening 1800 1300 1800 1800
SG1 riser fluid saturated 4454 9500 * *
Cold leg empty 25000 9000 10500 10200
Hot leg empty 28000 28000 24150 26400
Aux. Feedwater supply starts 31668 32800 34890 34745
End of test/calculation 32452 35000 35000 35000
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29 2741 Az
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1xt USNRC Inforrretion Notice BUM | AREAFEIIM
USNRC NUREG—1410 19761920 UM
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AECD-C7(P 19771987 |HieER | 2N 7HE AR A| 24
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T 3-28 YA AX/AEYE A T 27IAM A dJ85(1/2)
g EL RIS w1 A L1 | S e A gE A
A4 Type A1 Type A4| Type
g 2 1 PWR |Oconee 2 2 PWR |ARNOLD 3 BWR
BIG ROCK
ol PWR 1 BWR
g 3 1 PWR |Oconee 3 5 POINT
ANO 1 5 PWR [Palisades 5 PWR [Brunswick 1 3 BWR
Brunswick 1
ANO 2 10 PWR |Palo Verde 2 2 PWR & 2 1 BWR
B Vall
leaver Y11 | PWR  |Palo Verde 3 1 | PWR |Brunswick 2 | 3 | BWR
ETToN
Blayais 1 1 " |Point Beach 1 2 PWR |Clinton 7 BWR
PWR
TN
Blayais 4 2 " |Point Beach 2 1 PWR |COOPER 10 BWR
PWR
Braidwood 1 5 PWR  |Prairie Island 2 1 PWR |DRESDEN 2 5 BWR
Braidwood 2 3 PWR |Rancho Seco 12 PWR |DRESDEN 3 2 BWR
Eatt/R=]N )
Millstone 2 5 PWR |Ringhals 4 1 PWR Fermi 2 11 BWR
FITZPATRIC
Millstone 3 1 PWR |Robinson 2 3 PWR K 13 BWR
ESN
Bugey 2 2 PWR’ Salem 1 13 PWR |Grand Gulf 1 8 BWR
Zeka
Bugey 3 2 PWR’ Salem 2 14 | PWR |[Hatch 1 5 BWR
Byron 1 4 PWR |San Onofre 1 7 PWR [Hatch 2 4 BWR
Calvert Chff
lave ™51 10 | PWR  |San Onofre 2 7 | PWR |Hope Creek 1| 6 | BWR
Calvert CLff
23 VRIS 43 | PWR  [San Onofre 3 1 | PWR [|LaSalle 1 3 | BWR
Catawba 1 8 PWR [Seabrook 1 1 PWR |LaSalle 2 5 BWR
Catawba 2 3 PWR [Sequoyah 1 12 PWR {Limerick 1 3 BWR
C h
omanche 2 | PWR |Sequoyah 2 3 | PWR |Limerick 2 4 | BWR
Peak 1
C ticut Shearon Harri
onnecticn 1| pwr [DPSHON BT g pwR |Millstone 1 3 | BWR
Yankee 1
Browns Ferry
Cook 1 4 PWR [South Texas 1 1 PWR 1 BWR

1
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3 3-28 ALY AHAX/AEYE 4 T VA FA #3H2/2)
WAl W A L L A WA A
R B " R e " LALT
4| Type A4 Type A5 | Type
B F
Cook 2 6 | PWR |St Lucie 1 4 | PWR ZrOWHS 1| BWR
Crystal River .
3 17 PWR |Summer 5 PWR [Monticello 2 BWR
Nine Mil
Davis Besse 1| 17 | PWR |Surry 1 ol | PWR | € e 2 | BWR
Point 1
Diablo C Nine Mil
Eblo Aoy PWR [Surry 2 14 | pwRr |me e 6 | BWR
1 Point 2
Diablo C Three Mil 29,
rablo Lanyon 4 PWR ree e 2 PWR |Oskarshamn 3| 1 ]
2 Island 1 BWR
Three Mil
Farley 1 8 | PWR ree Ae 1 | PWR |Oyster Creek | 3 | BWR
Island 2
Peach Bott
Farley 2 3 | PWR [|Trojan 9 | PwR Zeac oHoml g 1 Bwr
Forei Peach Bott
oreien 1 | PWR |Turkey Point3 | 8 | PWR | 0 PO 4 | BwR
Reactor 3
Ft.Calhoun 1 7 PWR {Turkey Point 4 5 PWR |Perry 7 BWR
Girma 6 | PWR |Vogtle 1 3 | PWR |Pilgrnm 11 | BWR
Haddam Neck | 2 PWR [Vogtle 2 1 PWR [Quad Cities 1| 3 BWR
Indian Point 2| 4 PWR [Waterford 3 5 PWR |Quad Cities 2| 2 BWR
Indian Point 3| 3 PWR {Wolf Creek 4 PWR |River Bend 19 BWR
Maine Yankee | 5 PWR |Yankee Rowe 3 PWR |{Shoreham 2 BWR
S h
McGuire 1 14 | PWR |Zion 1 8 | PWR 1usque anmd 5 BWR
3 h
McGuire 2 5 | PWR |Zion 2 4 | PWR 2usque amad 41 BWR
Wl 7
North Anna 1| 12 | PWR [Doel 1 1 efl, |Vermont 6 | BWR
PWR |Yankee
ERy
North Anna 2 | 13 PWR |Golfech 1 1 PWR WNP 2 16 BWR
Oconee 1 1 PWR
PWR BWR % A
WA 79 39 118
% wAAS 422 203 625
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§7/4%8 PSA 2714 B4 Ropd 7 AMY AA/AEY 24 %
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(LEDB)E ol &3tel A4/4%d 27140 4% Arel da 44 24& 545

ATH 19735 19999744 AA/A & &4 F @A AP/ AEE B

7HE Aed AAPWRY A% 7970 ZolelA 4227, vlE A A BWR)Y
85 3970 =7l A 203702 & 625719 xmE dlo]E Moo 2] glo
B, drldlE Sl AR 209 1 4d9 1 AR 2 Aot 2850 gl
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F3-31 23 2V|AMA 259 A 93t 8w
ARG A | Wb A =AM 71 ERARA =
(LOSC) (LOCA) (GTRN) (ETC) °
183 2
PWR 3 114 97 422
(43.4%) (6.6%) (27.0%) (23.0%) (1009)
11
BWR 9 16 46 22 203
(58.6%) (7.99%) (22.7%) (10.8%) (100%)
] 302 44 160 119 625
=7
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¥ 3-35 Aba 99W AR wa A

A 3 PWR BWR = A
AR & g A S LIRS AbA ELEGE
YA 34 10.46% - 0% 34 7.07%
71 Al A 512 79 24.31% 33 21.15% 112 23.29%
+RAARLF 155 47.69% 81 51.93% 236 49.06%
7| e A 57 17.54% 42 26.92% 99 20.58%
SUM 325 100% 156 100% 481 100%
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3-38 FARE 1 & 2014 ¢ 712 7171w A= Ho7F 23
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A (@Q100%EH) 747e-6 1.26e-6
2HFAEAS HA (@60%) 7.52e-6 1.26e-6
FETHI 149 BA (@50%) 7.52e-6 1.26e-6

F= 1 | BaEZ FA (@30%) 7.52e-6 1.26e-6
GFEoAE BHE EY 3] (@20%) 7.52e-6 1.26e-6
FrAg 8 AHdE 23 (@20%) 7.52e-6 1.26e-6
571 B7 +3 *4d (@10%) 7.52e-6 1.26e-6

SR = i PR e A I R

742e-6 1.26e-6
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Sensors &
Transmitters

Sensors &
Transmitters

Instrumentatijon
Channel A

Sensors &
Transmitters

Sensors &
Transmitters

Instrumentation
Channel D

Y Y Y JV
Analog Input Analog Input Analog Input Analog Input
Modules Modules Modules Modules
y Y Y Y
Microprocessor Microprocessor Nicroprocessor Microprocessor
Modules Modules Modules Modules
Network or
{’ Serial Communication ¥ ¥ 4
Digital Output Digital Cutput Digital Qutput Digital Output
Modules Modules Modules Modules
Digital PPS |7 Digital PP§ Digital PPS Digital PPS
Channel A Channel B Channel C Channe] D
JV A 4 A Y
2/4 Logic & 2/4 Logic & 2/4 Logic & 2/4 Logic &

Interposing Relay

Interposing Relay

Y

Y
Trip Circuit Trip Circuit
Breaker Breaker
- = <~ =z
oY 371 W= EE

< A8 Z2asr] gi

obele] 1g 3-72% DPPSe Zx
1ot olgdt Als

WA sheps

Interposing Relay

Interposing Retay

Y
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DPPS initiation logics in LCL chassis
(Selective 2/4 circuit)

HSL

HSL+FOM

® ® @

4 HAE dAR BEAEY] A AgE 2d g

94 PSA mdle] A HE 7Hsd UAE A AFY BY ARL BEE
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sdtey €7 56 7] DPPS 1uAFES s Alge oEEF:
(unavailability) & E7}st7] ¢33 %

2ol FRAT, HA 94 PSA mdo] B dAAE BE AX

T 3-40 g3 FFAHY AR

HE | o TR (4 =5 A7 2 &Y
1 VOP | Variable Overpower Single CEA accident %] EMIAET|

2 HPL | High Logarithmic Power Level CEA, BoronFe! HIE OJAA] 2kE SHRAET|

3 HD | High Local Power Density ARDA cladding £AKIX] CPCEIXIE e

4 DNB | Low Departure from Nucleate Bailing Ratio ARAL polling 24K, 7 et B2 HX| CrCEixigal

5 | HPP | Hgh Pressurizer Pressure R ke

6 PP L ow Pressurizer Pressure 2101 2l LOCAA| BEE 2yhod

7 | LSL1 | Low Steam Generator! Water Level TIEM Bxgs 7|1SAZ &2 2rhed

8 LSL2 | Low Steam Generator2 Water Level HMANAH Exg5 7iSAZ =R 2TH

9 HSL1 | High Steam Generator! Water Level 7| #8 ¥ ESFEX o

10 | HSL2 | High Steam Generator2 Water Level E7| 2@ 3 ESFExX o

11 | LSP1 | Low Steam Generator! Pressure SLBAl HE 7l

12 | LSP2 | Low Steam Generator? Pressure SLBAl HE &gt

13 HCP | High Containment Pressure SIPHA| & ESFEE ATE ZAAIE
14 | LSF1 | Low Steam Generator! Reactor Coolant Flow | RCP shaft DAAIA| 25 SG RS LiRRL
15 | LSF2 | Low Steam Gererator2 Reactor Coolant Flow | RCP shaft IRAIDA| ZHE SG1AE TRt

HAE 717152 ol Foizl DPPS AWMUl Wii-o] 443 voly ZF< dhef
3t7] 9e Z RES BdYE @ V% BEEEE PAY e 19 3-73% 2
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Analog Input Digital Input Analog Input
Module Module Module

To OtherE_. Microprocessor Microprocessor ﬁ To Other
Channels Module Module Channels

From From
Other ———mo Other
Channels——-—v L Iy Yy L y Channels
Microprocessor Microprocessor Microprocessor Microprocessor
Module || Module ] Module |- Module
Digital Qutput Digital Output Digital Output Digital Qutput
Module Module Module Module
2/4 Logic & 2/4 Logic &
Interposing Relay Interposing Relay
Under Voltage Shunt Trip Coil
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L J
Rx Trip Circuit
Breaker
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Ao Aalsli= AFA ot wElA interposing relay, trip circuit breakerS-2] 7]7)

HAE RE Lgse] 4% WhE SR,

DPPS FAILS TO TRIP
REACTOR (LSL1)

GRPTOP-LSLI
Page 1 ; ':
I 1
DPPS FAILS TO DPPS FAILS TO
NTERRUPT CEDM BUS 2

NTERRUPT CEDM BUS §

GRPBUS2-LSLI

Page 18 it

GRPBUSI-LSLI

r (3

1
TCB C FAILS TO TCB A FAILS TO
DE-ENERGIZE DE-ENERGIZE

GRPRBC-LSLI GRPRBA-LSLI

. o m

1 I T 1
CCFOF TCB TCB C FAILS TO OPEN FAILURE OF UV AND TCB A FAILS TO OPER FAILURE OF UV AND CCFOF TC8B
FHUNT TRIP SIGNAL FOR FHUNT TRIP SIGNAL FOR
TCR A
RPRBW RPRBDC GRPRBSC-LSL) RPRBDA GRPRBSA-LSLI RPRBW
mwo OQ E E wQ E 1 1)75050
FAILURE OF UV SIGNAL FAILURE OF SHUNT FAILURE OF GV SIGNAL FAILURE OF SHUNT
FOR TCB C SIGNAL FOR TCB C FOR TCB A SIGNAL FOR TCB A
GRPUVC-LSL] GRPSHC-LSL} GRPUVA-LSL1 GRPSHA-LSLI
Page § C : Page 9 i: Page 2 ij Puge 3 ii
— T 1
FAILURE OF UV DEVICE FAILURE OF IR C{ AND CCF OF UV DEVICES
FOR TCB C MANUAL TRIP FOR TCB
c
RPUVEC GRPUVSC-LSLI RPUVW
mmo ( } wo
I 1
FAILURE OF iR C1

FAILURE OF MANUAL
TRIP FOR TCB C

GRPIRC1-LSL1

GRPOPC

&

f

[ 1
IR Ct FAILS TQ CCF OF IR DEVICES TO FAIL TO GENERATE OPERATOR FAILS TO MECHANICAL FAILURE CCF OF PB SWITCHES
DE-ENERGIZE DE-ENERGIZE TRIP SIGNAL IN MANUALLY INITIATE OF PB SWITCH FOR TCB
CHANNEL C RX TRIP [+
RPRYDCI1 RPRYW1 GRPIRSC-LSL] RPOPHPUSH RPMWSC RPMWW

“MQ MQ Pege 10 A MMQ “Q . uQ

29 374 /LAY AFAR AP GA2 AAAF DEr%e A

2dS 93 FAA AZTEY FIIAE= AAH JEE PSA
44 F=9Q KIRAP-KwTREE V3.1& o] 434t} o838 PSA tools o] &3

A3 =l zEe ARAYdel s Ba 44 THY 5

== T s ¥ oot
Ueb A& &l Fikel g B9 9y 14 doly #dk: 4% FPT 5 9
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o} 3, A E Y E AE 1%4F A5 o3y gAdE 779 A
<9 Algolgo] glomz 77 FFAY AEFstE 1A ES

Aeet yelx] A= 2 Ay 9
of WiENE 71E F27] Ao AFEQ KAERI/TR-2164/200200 4

A 3-41 F71EAY] AFHR A% AR AAAE o)EETE 4
A (HaAFEH
No Prob. Events
1 3.66E05 RPOPHPUSH MFLTK-1SL1
2 5.37E-06  RPRBW
3 9.30E07 RPOPHPUSH RPIMW
4 8.85E~07  RPOMW RPOPHPUSH
5 2.88E-08 RPOPHPUSH MFLTYA-LSLT MFLTYC-LSL1 MFLTYD-LSLI
6 2.88E-08 RPOPHPUSH MFLTYB-LSL1 MFLTYC-LSLI MFLTYD-LSL1
7 2.88E—08 RPOPHPUSH MFLTYA-LSL1 MFLTYB-LSL1 MFLTYD-LSL1
8 2.88E-08 RPOPHPUSH MFLTYA-LSL1 MFLTYB-LSLT MFLTYC-LSLT
9 2.31E-08  RPRBDA RPRBDC
10 2.31E-08 RPRBDB RPRBDD
11 1.32E-08  RPOPHPUSH RPPMWAHI
12 1.07E-08 RPPMWLL  RPOPHPUSH RPWDJB2 RPWDUB4 RPWDJD2 RPWDJD4
13 1.07/E08 RPPMWLL  RPOPHPUSH RPWDJAZ2 RPWDJA4 RPWDJC3 RPWDJC1
14 1.07E-08 RPPMWLL  RPOPHPUSH RPWDJBH RPWDJB3 RPWDJD2 RPWDJDA4
15 1.07E08 RPPMWLL  RPOPHPUSH RPWDJB2 RPWDJB4 RPWDJD1 RPWDUD3
16 1.076-08 RPPMWLL  RPOPHPUSH RPWDJAZ2 RPWDJA4 RPWDUC2 RPWDJC4
17 1.07E-08  RPPMWLL  RPOPHPUSH RPWDJBT RPWDJB3 RPWDUD? RPWDUD3
18 1.07EE08 RPPMWLL  RPWDUAT RPOPHPUSH RPWLUA3 RPWDUC2 RPWDJCA4
19  1.07E08 RPPMWLL  RPWDJAT RPOPHPUSH RPWDUA3 RPWDUC3 RPWDJC1
20 B.95k-09 RPUW RPSHW
21 25009 RPOPHPUSH RPIMRD1 MFLTYA-LSL1 MFLTYC-LSL1
22  2.50E-09 RPOPHPUSH RPIMRA1 MFLTYB-LSL1 MFLTYC-LSL1
23 250E-09 RPOPHPUSH RPIMRD1 MFLTYA-LSL1 MFLTYB-LSL 1
24  2.50E-09 RPOPHPUSH RPIMRCI MFLTYB-LSL1 MFLTYD-LSL 1
25 2.50E09 RPOPHPUSH RPIMRAT1 MFELTYC-LSL1 MFLTYD-LSL1
26  250E-09 RPOPHPUSH RPIMRB1 MFLTYA-LSL1 MFLTYD-LSL1
27  2.50E09 RPOPHPUSH RPIMRA1 MFLTYB-LSLT MFLTYD L1
28  2.50E-09 RPOPHPUSH RPIMRD1 MFLTYB-LSL1T MFLTYC-LSL1
29  2.50E09 RPOPHPUSH RPIMRB1 MFLTYA-LSL1 MFLTYC-LSL1
30 25009 RPOPHPUSH RPIMRB1 MFLTYC-LSL1 MFLTYD-LSL1
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POWER POWER AC 8D
A B ) 4] 4
|| | f |
i j | !
POWER| |POWER i i i DESFAS AUXILIARY
DIST. DIST. | | i CABINET :
! i '
! i !
LOCAL MANUAL ! COMMUNICATION ! MAINTENANCE
ACTUATION i INTERFACE | AND
AND RESET (4) i PROCESSOR , TEST PANEL
| | |
]
R B T e S B0t
. o MAIN CONTROL
! | Do ROOM
] i
L Lo ESF DIVERSE
R v . MANUAL
[P [opTO oPTO| PL ACTUATION
PlL]|pumps ol (SO 150 [* PUALVES YOL L | P PANEL
Lic clt
c I« N c
ACTUATION
[ o0 | SWITCHES (4)
COUPLERS
Yy L\ A
oPTO |, @) opro |
COUPLERS[* I COUPLERS '
A \ 4 y y
l PCS ] r PAS ] l PDAS |
L 2
PLANT
PUMPS/VALVES DATALUNK === ===
HARDWIRED INTERFACE
FBEROPTIC ~  —.—.—
NOTES:
1, ESFAS FIBER OPTIC INITIATION SIGNALS
2. ESFAS FIBER OPTIC STATUS/TEST FEEDBACK DATA LINK SIGNALS.
3. INCLUDES ISOLATED REDUNDANT CHANNEL OUTPUTS,
4. TWO MANUAL SWITCHES FOR EACH ESF FUNCTION.
5 FOR = FIBER OPTIC RECIEVER, 130 = ISOLATION DEVICE
% 3-77 DPPSe} DESFASS 14 ¥ &9 A3 A Bdc
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LOGIC CONVENTION, ESFAS INITIATION

INITIATE = TRUE=1 SIGNALS FROM DPPS
ACTUATE = TRUE = 1 A
MANUAL = TRUE = 1 r
B D
LOCAL MANUAL r ! ] 3 A -1 LOCAL MANUAL
ACTUATE | | ACTUATE
[
i
i
. i
! !
LOCAL MANUAL I | LOCAL MANUAL
RESET ~ | | : RESET
! ! I
| ! i
i ! |
i i i
! i i
! i i
i i :
| PLC I ! PLC |
i Pump(Valve) ! I Pump(Valve) I
I pi) : : PV2)
............. T | L i | — e —
|
OPTO veeee OPTO
COUPLER COUPLER
REMOTE
MANUAL
ACTUATE
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Y
ACTUATION SIGNALS
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. Safety Injection Actuation System (SIAS)
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. Containment Isolation Actuation System (CIAS)

. Containment Spray Actuation System (CSAS)

. Recirculation Actuation System (RAS)

. Main Steam Isolation System (MSIS)

. Auxiliary Feedwater Actuation System 1 (AFAS-1)

. Auxiliary Feedwater Actuation System 2 (AFAS-2) -

¢

DA5E 2AG sl AHSE AF e B E 3420 Mok R 2

HS 04 A

1 LPP Low Pressurizer Pressure

2 LSL1 Low Steam Generator1 Water Level
3 LSL2 Low Steam Generator2 Water Level
4 HSL1 High Steam Generator1 Water Level
5 HSL2 High Steam Generator2 Water Level
6 LSP1 Low Steam Generator1 Pressure

7 LSP2 Low Steam Generator2 Pressure

8 HCP High Containment Pressure

9 HHCP Hi Hi CNT pressure

10 LRL Low Refueling water tank level

T
)
)
e

SG2 Pr > SG1 Pr
SG2 Pr < 3G1 Pr

N
T
O
0
N

o2l @ ¥4 HYg A, DESFAS 7749 4% dsd g wg £2e
A, 19 3-719% AFAS-1 A& 2F A% dd 14+R AR 4
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BAS A8 AAT o4 Aui DPPSY 449 £Yad. = gxd v
9 A% A7 FRA AFSHE 1 AES Aol ASHAL, TAY ]

AFASIT Train A B fail
to actuate
TOP-AFASI
AFASL Train B fails to AFASI Train A [3ils to
actuate actuate
TR-B-AFASI TR-A-AFASI
I l |
Failure to generate Failure 10 generate
VALVE act. signal for PUMP act. signal for
AFASI AFAS1
VA-AFASH PA-AFAS!
I I ]
rain A OCs fai) to gen. Failure to gen. auto _

PUMP act signal man. PUMP AFASI

signals for train A
OCPA-AFASI PAMA-AFASI

AN (2 N
Failure to generate Pump group CL PM fails
remote manual PUMP to generate actn. signal
AFASI for train A for train A
PMA-AFASI PPMA-AFASI

AN M

Pump group CL-P2A
lails to generate acin
signal

Pump group CL-P1A
fails to generate acin
signat
POMP2ZA-AFASI POMPIA-AFASI

Failure of pump CL-P1A Pump proc. DO mod
watchdog WD-PI1A L-PiA fails 10 gene
- signat

9 3-79 AFAS-1 A3 #F Ale nArSe o5 oA
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7 il Htﬂ— ol 2~y BEoA] /‘\‘g_Q‘ }gﬂg} ] Z sl 1;}2‘5 ]«} Al ]L] 1;}8041;}
——‘AE7E7< = - ]6L_O X%SO}SE 01'01}\ O/qo AN
Ulchin Unit 3 Core
Damage Model (Unit 3)
GCDF-U3
S I I T I )
SGTR Sequences (Unit 3) 1.SSB Cccur (Unit 3) LOCA Sequences (Unit 3) General Transients Loss of Off-site Power Anticipated Transient
Scquences (Unit 3) Sequences (Unit 3: plus without Scram Sequences
SBO sequences) (Unit 3)
G-U3-SGTR G-U3-LSSB G-U3-LOCAS G-U3-GTRN G-U3-LOOP G-U3-ATWS
I 1 ) - T 1.
Large LOCA Occur {(Unit Medium LOCA Occur Small LOCA Occur (Unit Excess LOCA Occur (Unit interfacing System LOCA
3: Assumed Loop 1A Cold (Unit 3: Assumed Loop 1A 3) 3) Occurs
leg break) Cald feg bresk)
G-U3-LLOCA G-U3-MLOC A G-U3-SLOCA G-U3-RVK G-U3ISLOCA
I 1
Small LOCA Occurs Small LOCA S¢quences
%U3-SL G-U3-SLOCA-SQ
B ) — 1
Smal) LOCA Seq. (HPland Small LOCA Seq. (HPI Small LOCA Seq. (HPI
2nd HR success, LTC success, 2nd HR failure) faiture}
faiture)
G-U3-SL-GRP1 G-U3-SL-GRP2 G-U3-ST-GRP3
I 1 1
Small LOCA CD Seq. #4 Smalt LOCA CD Seq. #8, Fmail LOCA CD Saq. #1014,
#S$: Long-term cooling 9, 10 (U3: failure of HPR} 15, 16(20) (U3 steam
failure {Li3; success of removal by MSSV)
HPR,
G-U3-SL-SQ4-3 G-U3-SL-5Q8-10 G-U3-SL-SQ14-16

VAN AN AN

a9 3-81 HAE AT EAL AYE JIdHE 9F CDF 22 o) HAS
A
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o (1E-3),
CDF7} 1E-47A] A

3 3-43 A" ATy dHL TFH

el A=zt 43 (CDF)

. opd2T 1&C ¥3 ®d oA [&C ¥3 A 2
=1 i .
a9 PR | B CDF iDL CDF I E1A
7Rv) g | wpg | RO Ad | uyg
LIOCA | L70E-04 | 6.80E-07 | 8.76 | 1.70E-04 | 7.20E-07 | 7.51
MLOCA | 1.70E-04 | 596E-07 | 7.67 | L70E-04 | 6.37E-07 | 6.64
SLocA | 3.00E-03 | 1.13E-06 | 14.56 | 3.00E-03 | 1.78E-06 | 18.54
LOCATH | SGIR 4.50E-03 | 1.16E-06 | 14.99 | 4.51E-03 | 1.99E-06 | 20.78
ISLOCA | L77B-09 | 1.77B-09 | <01 | L77E-09 | 1.77E-09 | <0.1
RVR 2.66E-07 | 2.66E-07 | 343 | 2.66E-07 | 2.66E-07 | 2.77
27 3.84E-06 | 4943 540E-06 | 56.26
LSSB L50E-03 | 1.72B-07 | 2.21 | 1.50E-03 | 1.74E-07 | 1.81
LOFW | 1.78E-01 | 391E-07 | 503 | 1.75E-01 | 5.286-07 | 551
LOCV 1.OIE-01 | 1.80E-08 | 0.23 | 1OIE-01 | 217E-08 | 0.23
LOOP 3.13E-02 | 2.21E-06 | 2846 | 3.13E-02 | 2.24E-06 | 2334 | SBOZ ¢
H=AR | LOCCW | 4.28E-01 | 557E-07 | 7.17 | 4.28E-01 | 5.74E-07 | 5.98
aF | LOKV 131E-03 | 407E-10 | <01 | 1.31E-03 | 407E-10 | <0.1
LODC 2.62B-03 | 204E-07 | 378 | 2.62E-03 | 2.98E-07 | 3.11
GIRN | 7.798-01 | L59E-07 | 2.05 | 7.79E-01 | 1.89E-07 | 1.97
ATWS | 840E-06 | 1.278-07 | 163 | L13E-05 | 1.72E-07 | 1.79
24 3.93E-06 | 5057 4.19E-06 | 43.74
T =AW= 7.778-06 | 100.00 9.59E-06 | 100.00

*) TN ASEE 0.05, /W AEE 0001, 27FHEsE 072 7
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4. E-05

—&—Pr(OP)=1E-10
—e—P(0P)=0.05
—&—Pr{OP}=0.5
—>¢~Pr(OP)=1.0 {no action)

3.E-05

I A

k 2.E-05 I—— ~
0 */”/_/_;/

o 1E-05 ——
3 e
L i $
0.E+00 —
0 0.0001 0.001

219 3-83 LERFo] ti@ Wzre ¥4 43 (CDFe 499 59 27)

# 3-44 HAE AT 24 JFHE7HE 2d A#s 23 (LERF)

LERF 7¢] opd= T 1&C ¥3 =9 UAE 1&C 3 APE R e
CDF (RY) LERF (/RY) CDF (RY) LERF (/RY)
LERF-SQ#4 1.09E-08 1.34E-08
LERF-SQ#8 7 TTE-06 1.168-08 0 508-06 1.20E-08
LERF-SQ#10 7.17E-08 7.48E-08
LERF-SQ#12 1.17E-06 1.93E-06
27 1.26E-06 2.03E-06

*) FEAN] AREE 0.05 YW T1ZEE 0001, 2FERE3E 072 7H%E

o AAEE FEABATWS) NE A7 29 7
AA 7] AAIE)F DPPSS] Uaz g4 A% 24 ol¥e] 93 wo}
A R A2 gRAE 107008 ARse 2AE SRSk 5, ATWS
BT 5 QE 2D 10744E FET elu
4 Zo|Aze]l MAT A9 B5o Axz A AEt MAAE 238
Hu B 2 AT FER nestelol Bk oA T UF Jne] FHA £
2 sl 10709 27149 de 15709 Az 44 A dF 25 A%
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AﬁﬂLOCA (SLOCA) DNB, LPP, HCP
F 7197 A7 staaln (SGTR) HSL, DNB X
& olx= e Ab3L (LSSB) LSP, VOP, 1L.SL, LPP, DNB X
FuF AEAR (LOFW) LSL, HPP 0
H47] A Az (LOCV) HPP 0
717147k A (LOCCW) LSF, DNB 0
416KV 2F A9 A2AT (LOKV) LSF, DNB 0
125V A {49 441 (LODC) HPP, DNB, HSL 0
293 A A3 (LOOP) LSF, DNB 0
Aukat = AR (GTRN) HPP, DNB 0
3000
/———— CPC Trips
2500 [\
© LPP Tip
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@ 2000
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o ]
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(a8
1500 \_'\_K
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FAILURE OF
SAFETY FUNCTION

SIGNAL FAILURE

SIGNAL BLOCKED BY

OPERATOR

ACTUATOR FAILURE

SIGNAL GENERATION

FAILURE

AUTOMATIC SIGNAL

GENERATION FAILURE

AN

HUMAN OPERATOR
MANUAL SIGNAL FAILURE

/X

/

ALARM GENERATIO
FAILURE

INSTRUMENTATION

SENSOR FAILURE

DISPLAY/ACTUATION

DEVICE FAILURE
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systcm — Z Acom}r) /\CPU+ >\RA]V[+ )‘ROM+' o

comp
o7\ A, Acomp @ HEF IAEFE
Asystem : Al2=¥ 1AE
FEY 3 HEES S go] FIE F Idvh

C _ ]v;i etected
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Nzct wated, comp
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o} 7] A, Nactivated,comp @ H-&F ¢l
Ndetected : H&" 1A /4
1Y HEEC AR HAAA Fevhe 7Hg stA] 7t 1 HEES U

3 7o Yehe .

E CeompAeomp = Copvrepu + Crap rane+ Cromronyr+

comp

aelne o 45e 2ged U 2 dusd 42 9 ¢ o

1Y HEE AT PHES #HSs7l @ DPPSY FAl=al T EAA
(local coincidence logic processor)E& W/ Al=goz2 AMAsH 218 3-1012
SAleE ZEAA WA de 24 FA=EE JdEL . o] ZEAME
AND, OR, NOT &3 2 7|EA44 = ddaz 745 ot sAl=2
2AME BB ZaAACA beE o8 AsES dEwet 24 A" =8 &
gt whok 27 ol o] EY Ao TA=E ZERAAME EY MUSE &
Hath b FAleE Z2AME 7l SdE WA fle gAEelH

(watchdog timer)7} 2= vk 2t ZFAJElol = AlZbE T (time-out)d 4 ©]
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AlA = CPU, PROM, SRAM, /O FAHo] glth o] ZFo|A FAl=g Az
d T2 W2 PROMI A A5 o 9o},

as)

FA =8 Z2ZHME t=9g o] HAHhardware description)®& o] &3t T3
#-2 ROMo AAZstAh, BAl=2 st

RAM, ROM, VOZ FAHo Uttt 18d SA=g ZZAAAE st ool gaby
o8 TSI g oFuh ZRAA e e AFY, ZAM 53 22

AL opd=a Ao goly] Wiol], o8& gXE Az goz ALEHE =9 o
BAMS A7) ogo g B dFdME Al~"< CPU, RAM, ROM,
VOZ ztef3l sto} st=dlo] BAME itk o9 3-102% d¢3te HAFYH 7x
& YEuo gk
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Central Processing Unit (CPU)

Control Unit Arithmetic Logical
(CU) Unit (ALU)

Registers

LT

R TN

RAM ROM
Input/Output
E2 8 EYgHs,
N 2 ALELOI O
YR YA NE,
DBHS UG
Y 3-102 destd HEEH 7=

e

Aol Intel 80518 CPUR A3 th

SME Az guEsh Bawu 8051L olE R ©Eay wd @A x4
w2

AZA] AzRelA wol =45

NE T Qoevu g A

¥ 3-103& 80519 E=EAdmelty. 80512 B ZZAA(boolean
processor), 576 JUAHHE, 2737012] 16bit Eo]w/7}LH, 327] &8z FAH
of ok T2 A Yol At - =g F(arithmetic logical unit, ALU), AJo]®
(control unit, CU), @A =E(register)® TFA ¥t [ATMEL, 1997]. ©<estd 3
=90l BAlE g9 oAU E 7ol 8 ¥t} [Tanenbaum, 1984].
O &l 82 ®HHEAE 7dFAzEE EA wWH
(instruction register, IR)ol| ¥ 3=t}
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o 2] 2~ H

O gL 4o E AN EE 27238 AF7]E WA 71
O =8dl Hgoe F/E 443t
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PORT 3 BE4ERS !
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ey TR
E Ay - H

s
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SN UNER BLOCKE
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e

TSEY s
METRTS e TH WEICEIN N cete
B { Vo W COHIRG REGISTER
RIT ke
PORT 1 ~RT 3
1ATER UFeH
Fﬂ

e NHH’?& TPt evvv el

PrLe. pis Prg - P37

&

1Y 3-103 8051 &&= [ATMEL, 1997

8051& HAMSHZ] #18) AR Aol Visual C++olth Visual C++2 FHH
seglo] BAbE ggn 2o
O dlg =d(d8051.n)¢ 7= : sijatde e 80519 HRE st ¥&
olth. A7IME= R, AALH, Wk A7), 4/28, HE I+ T A
o] a1 o
O AFge 223 (805lcc)? 7 1 o] HUolX= 80519 2 7%E

sk Xolth 9f71A Simulate 47} 8051 Wi 715§ @@de X

- 206 -



O a2 32 WolAd 9449 7152 FAsks dF 7E 1 o BroAE
™
o~

Nse MEe ge P A

~
do
gg]/
k]
oz
N
A
i
o
jus]
g,
—
=)
[¢¥)
@)
=
o)
=
o *
S
2
ol
ol
o,
hat
+
I
o
<
[y
o
=
to
<&
[S—
o
il
rlr
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Reference data LO I 0 l 0 l 0 l 0 I 0 I 0 l 1 l Reference data | 1 I 1 I 1 l 1 | 1 I 1 [ 1 ] 07
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Modifiecddata | D7 [ D6 [ Ds [pa [p3 [p2 [ o1 { 1] Modifieddata | D7 [ D6 [ ps [ pa [p3 [ D2 [ D1 { 0 ]
Stuck-at-} I‘aul\j/ Stuck-at-0 fault’
¥ 3-104 Stuck-at 1 1% a9 3-105 Stuck-at 0 23

= AelA AR 3% A& He A Erol W (heartbeat-watchdog
timer), ROM HAF&(ROM checksum), RAM dolg #HAZ(RAM data
verification), 2] H|E(parity bit), #A2E 23 ¢ 7] (register write and
read) ¥ °]E& F@3t= ol [Iyer, 2004; Siewiorek, 1998]. z}+zhe] W=
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O ZA1Ehol ™ (heartbeat-watchdog timer) : ZHA| Efo]# =

3
FTolMe 20A BRA] GobA QAR E AlgE ol gtk Al A"

S AT wef TR AMqRREY HA 2go] glod 74
2Hlo) nAol W Zog Auadtn AFA A 7o

O ROM HAFHMHROM checksum) @ 29 3-106& ROM AALE NEEE YE
itk ROM ZAFES ROMU 9 dHolHES 5% ©d e ol &3rh
ROMW 9 dolE & E5F HalA dHeole e 714 Ed A3 AAS :=9)

MR8 T ARsE Adelsw mael wAF Aoz wurdr

IE 23 o7& Fase] Ao FFE AASAT. o WL ALE

¥ stuck-at THE B2 08 89 AT AAHNY & Qo

Memory array Checksum storage

Register

1% 3-106 ROM #A+g [Siewiorek, 1998]
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wputn (o[ To] 1017 wpuean [ o[ To [ [0 ]0]

;»w
N I EICIEIE) [[p Regser ([ [ [ [ [0 o1 0]
= B
Outputvalue [ 2 [ {2 e fo] T2 ] 7] Outputvalue [z [z [ ][] 2]
19 3-107 RAM dHlol8 AF
LSB M50 ] D—L)_lr
3! ki Riag
1001 4.0 1 0]  CriginalData j o -}]>‘!—’ -
E“T; ;‘O"‘\o«-{ o Padity Germeator %jhﬁ
Parity Bit -
LSB Msg ¢

12l 3-108 "2l E] B E [Siewiorek, 1998]

e €l B E(parity bit) : 1% 3-1082 shelE] WES /Adg UERRR 9l
otk g BEE R 27 HEZ 27 dolEst a7 HoA e HaY
£ WSSt AHAabste]l 0 2 19 @s Y Y whep Fol dely A
ol A 19 A7t Agolw A g el Ao g, wefo 19 sirt
ol &4 dHEEHdn Ao 80519 A WF TR a9 A%
(program status word, PSW)& uUeldlE= T Eo]
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At siele M EVF MR dX st gornw uAS dAedd 7 Uk
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MEEZ 0 52 18 232 298 glo] 4AFEAS PAss gyos
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