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SUMMARY

I. Project Title

Safety Evaluation of Prototype Gen-IV Sodium Cooled Fast Reactor

II. Objective and Importance of the Project

O Technical Aspects

- The current issue of the technology related to the safety of GEN IV sodium cooled
fast reactor is to prove the passive safety at the accident and the possibility of
re-criticality at HCDA and demonstrate the ability removing heat after accident. It
is necessary to secure and verify a computer code that can condut safety analysis
and safety evaluation using it, reflecting the inherent design characteristics to

prototype GEN IV sodium cooled fast reactor.

- Evaluation of the early termination characteristics of a severe accident due to the
inherent safety of the prototype SFR reactor with metal fuel is required through risk
assessment and serious accident analysis under various conditions through

development of Level -2 PSA computer code.

- In order to analyze metal fuel severe accident, the collaborative research of the
SAS4A severe accident code development with US ANL is in progress. Verification
and development of severe accident code are necessary to continue securing severe
accident analysis technology through the ongoing collaborative research with US
ANL.

O Economical and Industrial Aspects

- In order to achieve domestic construction and export industrialization, the
uniqueness of the methodology related to safety evaluation and computer code etc.
should be established. Based on the methodology, we can expect enormous
economic effect at the time of commercialization.

O Social and Cultural Aspects

- As the concerns of the general public of nuclear energy is due to the lack of



reliability on safety. Thus, it is necessary to demonstrate that the sodium-cooled
fast reactor holds significantly improved safety characteristics compared to current

nuclear reactors.

. Scope and Contents of Project

- First year (2016)
* Specific design safety characteristic assessment
* Safety analysis of system boundary
* Preparation for input of safety analysis
* Node sensitivity analysis
* Level 1 PSA Seismic safety margin and preparation for fire and flood analysis
* Level 2 PSA internal event tree
* Level 3 PSA preparation
* Evaluation of preliminary in-vessel source term for design basis event
* Safety analysis code (MARS-LMR) verification and supplement
* Model elaboration of general analysis code (ISFRA) for PSA
* Model Development of severe accident code (SAS4A)
- Second year (2017)
* Limit Safety Systems settings (LSSS) analysis
* Safety analysis of specific design for design basis event
* Safety analysis of specific design for unprotected event
* Severe accident scoping and mechanistic analysis
* Level 1 PSA for specific design
* Level 2 PSA for specific design
* Level 3 PSA for specific design
* Sodium-water reaction accident analysis
* Source term analysis for design basis event of specific design
* Complete of specific design safety analysis report

* Methodology development of safety analysis code (MARS-LMR) and complete of



TR report
* PSA analysis code (ISFRA) development

* Severe accident code (SAS4A) development

IV. Result of Project

O Specific Design Safety Analysis Report

- The classification of accidents for a specific design of the PGSFR(Prototype Gen-IV
Sodium-cooled Fast Reactor) was completed. The design data used in the safety
analysis was summarized as a document. Based on the design data, safety analysis
of design basis events such as transient over power, loss of flow, loss of heak sink,
PHTS pipe break, and station black out were implemented. Furthermore, safety
analysis of design extension conditions such as ATWS and multi-failure event etc.
was also conducted. The final report of the Level-1 PSA was prepared in a specific
design of PGSFR, and PSA related with the seismic margin and the fire/flood was
carried out. Evaluation of in-vessel source term was conducted in case of whole
pins failures of PGSFR.

O Level-2 PSA Computer Code ISFRA Development and Code Evaluation Report

- In order to improve the accuracy of evaluation for mechanical behavior
characteristic of reactor core, START code was developed by coupling with ISFRA
code and SAS4A/SASSYS-1 code. The START code can evaluate the degree of
reactor core damage through the elaborate reactor core and fuel model of the
SAS4A/SASSYS-1 code. The behavior of the radioactive material eventually released
into the environment was evaluated using the transport model of the fission
products. Level-2 PSA analysis was also carried out by START code for the PGSFR.

O Metal Fuel Severe Accident Analysis Code Development (SAS4A) and Verification

Report

- The severe accident analysis of PGSFR was carried out using the newly developed
SAS4A code, and the molten fuel, the flow in the molten fuel, internal and external
gjection phenomena, and core reactivity behaviors was evaluated. The analysis
results showed that severe accident could be early terminated. In order to verify a
severe accident model, the reactivity insertion results of TREAT M series was used.

The comparative verification was conducted with the analysis results of SAS4A code

_'IO_



with metal fuel model, and the results showed a good prediction of molten fuel

behavior and reactivity.

V. Proposal for Applications

O The safety evaluation results of the sodium cooled fast reactor is utilized as the
main material of specific design certification, and it is used for the preliminary
analysis research at the time of construction of the experimental facility for the
certification support. Based on the developed technologies, we actively participate
in Gen IV international collaborative research and others to develop sodium cooled
fast reactor to elaborate technology and design materials. Furthermore, we prepare

for the time of commercialization of sodium cooled fast reactor.
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B 3.4-2 SXANETEAS HO 10 1A A9 2TMexEA 24 21}

N Tin Tout CDF(2?) CDF(3?) Na Temp(°C) Clad Temp(°C) Feul Temp(°C)
TouH | NH_T H_T.H | 1.89092E-02 [ 5.02174E-02 789.45 783.95 689.41
TiH TouN | NHT H_TouN | 1.51575E-02 [ 4.01756E-02 783.05 777.85 685.26
Toul NH_T,\H_Toul | 1.20069E-02 | 3.18024E-02 776.45 771.65 681.07
TouH | NH_T,N_TouH | 2.04788E-02 | 5.49285E-02 791.75 785.95 689.6
NH TN ToN | NA_T.N_TouN | 1.63967E-02 | 438629E-02 78535 779.85 685.45
Toutl NH_T,\N_Toul | 1.31139E-02 | 3.50446E-02 778.95 773.75 681.3
TouH | NH_TiL TouH | 2.19632E-02 | 5.95307E-02 793.85 787.85 689.69
Tl TN | NH_T.LT..N | 179794E-02 | 486068E-02 787.95 78215 685.8
EOEC Toull NH_T,L_Towl | 1.43340E-02 | 3.86908E-02 781.45 775.95 681.58
TouH | NN_ToH_TouH | 1.76533E-02 | 4.68269E-02 787.25 78155 687.3
TiH TouN | NN_T,H_TouN | 149685E-02 | 3.96633E-02 782.35 77695 684.13
Toul NN_T;\H_Toul | 1.12816E-02 | 2.98622E-02 774.55 769.45 679.07
TouH NN_T;\N_To,:H | 1.91619E-02 [ 5.13558E-02 789.65 783.75 687.59
NN TN TouN | NNTN_TouN | 1.76944E-02 | 474137€-02 787.05 781.35 686.14
Toul NN_T;{;N_To,L | 1.23238E-02 | 3.29129E-02 777.05 771.65 679.38
TouH | NN_T\LTouH | 2.04414E-02 | 5.53553€-02 791.65 785.45 687.65
TiL TouN NN_TinL_TouN | 1.67214E-02 | 4.51699E-02 785.75 779.75 683.71
Toul NN_T;.L_Toul | 1.34798E-02 | 3.63603E-02 779.45 773.75 679.63
H 3.4-3 YXIEHMEAS = 17 13 A9 IZdE 2N 2t
1 2 3 4 5 Cases Na Temp(°C) | Clad Temp(°C)
i Least |1L_2L_3L_4L 5L 1071.5 1075.8
Least Most  |1L_2L_3L_4L_5M 1071.5 1075.8
Most Least |1L_2L_3L_4M_5L 1070.5 1074.8
Least Most  |1L_2L_3L_4M_5M 1070.5 1074.8
Least Least |1L_2L_3M_4L_5L 1068.2 1072.6
Most Most  |1L_2L_3M_4L_5M 1068.2 1072.6
Most Least |1L_2L_3M_4M_5L 1067.2 1071.7
Least Most  |1L_2L_3M_4M_5M 1067.2 1071.7
Least Least |1L_2M_3L_4L_5L 1068.7 1073.2
Least Most  |1L_2M_3L_4L_5M 1068.7 1073.2
Most Least |1L_2M_3L_4M_5L 1067.8 1072.2
Most Most  |1L_2M_3L_4M_5M 1067.8 1072.2
Least Least |1L_2M_3M_4L_5L 1065.7 1070.2
Most Most  |1L_2M_3M_4L_5M 1065.7 1070.2
Most Least |1L_2M_3M_4M_5L 1064.8 1069.3
Most  |1L_2M_3M_4M_5M 1064.8 1069.3
EOEC NH_T;\H_Tou:H
Least Least |1TM_2L_3L 4L_5L 1069.4 1073.8
Least Most  |1TM_2L_3L_4L_5M 1069.4 1073.8
Most Least |1M_2L_3L_4M_5L 10684 1072.8
Least Most  |1TM_2L_3L_4M_5M 1068.4 1072.8
Least Least |1M_2L_3M_4L_5L 1066.3 1070.8
Most Most  |1TM_2L_3M_4L_5M 1066.3 1070.8
Most Least |1M_2L_3M_4M_5L 1065.4 1069.9
Most Most  |1M_2L_3M_4M_5M 1065.4 1069.9
Least Least |1TM_2M_3L_4L_5L 1066.8 1071.3
Least Most  |1TM_2M_3L_4L_5M 1066.8 1071.3
Most Least |1TM_2M_3L_4M_5L 1065.9 10704
Most Most  |TM_2M_3L_4M_5M 1065.9 10704
Least Least |1TM_2M_3M_4L_5L 1063.9 1068.4
Most Most  |TM_2M_3M_4L_5M 1063.9 1068.4
Most Least |1TM_2M_3M_4M_5L 1063 1067.6
Most  |TM_2M_3M_4M_5M 1063 1067.6
(3) Fa A 2
AR AL wHOR SUNE $T0) ULT 4F G2 LE 45L oplel
AHdEolH, AEY A9 9 AES &4 FARHA yEdth 19 3.7-3.12+ =44
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2 §8°] AFB 4% Hrt =2 fA[ollA dAdstlH.

(a) BOEC (b) EOEC
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AAlot= EHRHES w2tk U(uranium, $2Hs)2 RG 1.1839 x%_,]gﬂ UA] QFofA
Ce(cerium, AIE) &0 ZFH}. ¥4 Fol ARt A2 59 = IAFo® &7
gk vE717E 18 o)Al WA ST PR 2108k, 9 7};(] HW*JQH’;‘ 1=

j

14kl
99 o] EREch #FY PAHSA YLFL ORIGEN-2 L

S d4as2 % 3 =
&3t AT e 270AM 8= 2Hste Axttd ghe A8EH RIS 221
H 3.9 MgHE OF & Ea
BALGHS OE YAHAS
Noble Gases (E&47|A|) Xe, Kr
Halogens (&t27l) l, Br
Alkali Metals (¥Z2| 2%) Cs, Rb
Te Group (H2RE 18) Te, Sb, Se
Ba, Sr (HIE, AEEE) Ba, Sr
Noble Metals (H2%) Ru, Rh, Pd, Mo, Tc, Co
Lanthanides (ZEILI0|E) La, Zr, Nd, Eu, Nb, Pm, Pr, Sm, Y, Cm, Am
Ce Group (ME 18) Ce, Pu, Np, U
Coolant (HZIxH) Na
o YAEEe] ¥ A=
19 3.642 SFR ¥9= A% 7o AE BAMESES] e 428 Uil W=
= (1) &4% FdAdRoN AIAGAS 2wl A& e 1
B R, () PATAAE LB AR 4 ya RN
o2 ABAPYEI YA 259 ¥E, Q) AWe 99 [/
QAzdEz FHTL 4) %X}iﬁ%ﬂ]/ﬂ CerRCAaRe)

+Hch. ANL-ART-38[R2ldd 231& Farsto] 7¢
£4H HARNA O‘Z}W%}ﬂl% AR HEIYA
&2 ¥ 3.10¢ Zoh ® 3,112 dAEAG

AENA AWTEA JYoR] FERES UEdth [FIE
21] AWZEA FHoA PAZHAERZY] FAEI ARZAEN A
BHo29] 42 FALA Al 0.1 %(vol.)/day® AA =
ow, AL Al FAHELS olHY 37T AR HoAH, A
X

AAZE AgE & gy 2 Agol.
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B 3.10 AN URHHLAS 45020 WERE

YANHHES OF YEEES (CHOM LRHHEAS AB)
Noble Gases (B&47|A|) 1.00E+00
Halogens (Z27il) 1.00E+00
Alkali Metals (¥Z2| 2%&) 1.00E+00
Te Group (228 18) 5.00E-02
Ba, Sr (HIE, AEEE) 2.00E-01
Noble Metals (H2%) 5.00E-02
Lanthanides (ZEILI0|E) 3.00E-01
Ce Group Ce 1.50E-01
ME 18) U & Pu 1.00E-03

E 3.11 QALHLAT 2uolA AW7ts GRS WEde

|:||-7_<I=IO

sxE = YEES

SR o (UASHLAS ABOIN HHIIA 2o
Noble Gases (EZ47|H|) 1.00E+00
Halogens (ZZ) 1.40E-03
Alkali Metals (¥Z2] 2%&) 1.20E-02
Te Group (288 15) 9.00E-04
Ba, Sr (HIE, AEEE) 9.00E-04
Noble Metals (HZ2%) 9.00E-04
Lanthanides (ZE{LI0|IE) 9.00E-04
Ce Group Ce 9.00E-04
Mg 28 U & Pu 9.00E-04
Coolant (‘4ZtY) 9.00E-04

6. AEEH Ty YIKPSA)

SFR ¥3d= EA44A PSAEEEAMAYE D= SFR 9329 s SEE4 SHO
A B71st7] flste] $¥EY. PSAE AA 3PAR FPE Level-1 PSAE= kA& 7Hs
dZ, Level-2 PSA= " 49 & 7t 9 +AH%E, Level-3 PSA= FRlo 1
= 2lA3E BUkehs SHolA sPEot

At GAZA = o] Level-1 PSA & AA AMtE E&oks AF 52 F3otgon,

ojt THAo|Al= SFR YF 29| rHAS HUoH] ot ohIr T2 A
* Level-1 PSA 7HA
* Level-2 PSA &4 AA =
e Level-3 PSA 4 =
o QJRARA PSA H7F

=

>

>

oE oE
oF, o
S

WE - HE

>

i—'f.
2
4
4



7}. Level-1 PSA 7|A

At A A oH] Level-1 PSAS 483t v} 9o ojH WA oA I 9to] AA W
4 AFS RAKSEL, Level-1 PSAE 7H7AsH3ith PSA SHolA +d AFS 8 WA AFG
< ofefie} &t

. ol m&} PSAdIA = }r;élé_\—*ok,% 0}7\]3}

g oAM= 55 JFEAAAGNA EMPE AAT AR BAsIon, RVCSE
oF o] AIAA 7se 83| Fshe A= 7SI oo dis) PsA 51

H 3.12 87 HE Atgh ZAF H PSA TE7t

RVCS A5 EMP TR EMP 2mQ il
RVCSZ 0|83 Lhlaat Ux| 1.21e-9/yr | 9.266-10/yr | CDF 23% 24

RVCSE 0|8%t d&d EX| 271 5.59e-7/yr 2.79e-7/yr
EMP glo] 55 HIAAAGY 716e P 5 Ao =A&dRIwrt oF 23% st

o
= AR BF7pET RVCS 452 PSA SHoA w¢- 527 Zo2 Frho], RVCS 4+
ALAAE 25 & 5 A== Ak Zo] EHoz Yehdn

FARO] i3t Level-1 PSA ARl =AEAWEE 7189 4

FEOE BrHH. 1L SFR 9929 T3 ¢ &

e

E 51 RiA
- o W MEoR TAT REAA V% WEoE AESE BAAAAE © 9%
235 WA

o FHHI3T AE a7 ZAEF AJAAEAHE 5 FHkeE fAEarE £35S A

o]

C OIAAAAL A 75 38 717 9 ulee A4ee7] dEe] Axste] w4 7}
$H2 Hashsigon, Ea A4287] FUAE olF B AYesR o9
4 mare Has
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}. Level-2 PSA

Level-2 PSAQ] &8 EIXL Level-1 PSAOJA E2EH LAEAF AFTAHQEC] A, &
ARzt 11614%011 02 PAZAE ARG ARE FEFHOoZ notetal, A P A9

FAHo78 LEEHL HEIAPYHE HAUFS Aol Level-3 PSAo| AFst= Aotk SFR
AY=Z9] Level-2 PSA F& Boto] dA & F8 A= o33 Zov, A e H
7|5k

* SFR ¥3=2& 253447t 7 E9eketd 54, E-Ed(Pool) A4 S22 ]It
7tz Higte] Ay Thset SHiAL @Adol Fom, FHARAL QPHdu|vE ol
St7] miZol SHiAL d4de] APo] e D<=t

« dA=E8Y] H A9V uE 2E9
PSAE &3 =58 dA=dE AdfgEs 2440l 2.

* ISFRA FEoj oJjt AgAs| 2o A 159 &% F=5H+= Nal(ti ¢ A
P °F 0.35%°1 B, Lol I3l =4 =&AL 15Y olF9.

* ISFRA It dA2E7] 3 AdE87] ukE, AL Rofst=d A7 7] dEo

ST @4 wo) 9 HYs BAS Aameo] Mol Bast

n)
ol
~N,
i
Ye,
)
>
1o
4o
)
K

oI5l Level-2

(1) A=EAE 537t 29 T 92 FF3

SFR 9929 dAzds 4s¥7IE fstel TH2EAAT(Plant Damage State: PDS)¥}
AGAEAASE(Containment  Event Tree: CET) RES 7jdstgion, o] mUEy}
Level-1 PSA A¥E ot YA=AE AfRIE RNEE FZFooIAurt

THAEST =2 ofg 183 2ow, o]

=
=
MO A AL S 19 TRLEYFoR BRI

ENTRY
FROM
LEVEL1
PDS ET

Direct Release by
IHX & SG Tube Fission Power
Rupture

SUCCESS

1 4.987014E-10
NO BYPASS

FAIL

2 1.0226E-13

BYPASS

3 4.277E-10

18 3.65 SFR gHAsyT =dk & Fe 2

SALEATE olFo] FUAT BAS AWAE AWSES olgslo] iR Agaz
o 3 2



+ T ol I FH A,

o $IAL(BYPASS): TAHLEITNA BRE, =HE88EY 3] & AL

« ARA=HYASIS0): dAEHE A2 AWALLRA, 2.3Be-45 7M. (BA
PGSFRO] YAZAEZA AT HA7L dr=9] AYdE4As ol&
=S XU+, PGSFR AEdE4e8ASY oldEskc ole A AoluA
%S oz Al "KAERL 3& 3,427 SEE4 A4 B7h A9dE dewA,
2015.127)

« GAEE7] AHRV): YAEE7] SHE &8 TElR MRV gHoE AugEs 3
7b AEEA AEdke 49, Degree of believe A= & U
(indeterminate)’ 0.5 g2 7M. =ASYATT Adfiste A5, =HEHA 4F
Fe AFET H &5 2Uo|ER WXz g7] dugE 3712 AY. 0.5~1.09
#d ez FAHE B E40Me AA B2 10% wHFol © Aufidteal 7Hgsto]
0.6 &< AHE-

« Agd7] AW(CV): A&7t gdor AfEEs BFUile. YARETI A =
AogMe 882 o] offe 7ol Agstee A9-87I7HA dufisks 45
7b 7HsAde] B(likely)'?l 0.9 - 7H4.

o
fo
X
S,
o
utl
M,
>,

&)

Direct Release by
Intermidiate SG otz
tube rupture

Containment
Vessel Condition

Reactor Vessel

==l Isolation System Condition

1 2.493E-10

ISOLATED
RUPTURE e 2.494E-11
NO BYPASS RUPTURE 2.244E-10
o150 INTACT 5.736E-14
oos 13 NOT ISOLATED INTACT

5.736E-15

RUPTURE
RUPTURE

5.163E-14
4.277E-10

~N [<)} (%] S w N

BYPASS

I3 3.66 PGSFR AE7IZ4S U Hyst Zit

A4AZ SAFORA AGARS ANA RT vhE BHOE 13T TEL 46.2%eltk.
AUAE AAUR) B (ST AFWY 4560 £ A9 Aol o, W27

7 A &E0] 26.9%, dAEE7] E A8V BE uid SE2 24.2%0Ith AR
87 SEFAN 987 A-E e 2.7%0lth &, kAlsAo] EAsks BE B¢
of tisix AgEoe] EEHA & FES oF 30%°|H, AHAEES Ee 34 9
sto] WA EZC] RE2E FELS F 70%°ltt. & oEFyEYlE (Large Release

Frequency)= 6.5E-10/y °]t}.

_79_



A=28-7)

]

T
=

‘o

Za/go] AUt

1
=

ke

&S A

|

1Al
PGSFR AYAEFE2] ‘BYPASS,
A7} At

1

L

]_

R

o

ol

A
b

5

&
!

JI

wol

o

A 9] ISFRAZRA]

SE410]

ot

7] s

tsict.

o

sto] A& o A o] Hrt

[¢)

(o]
7t B8 &

AGABAAFES 2, 3, 5, 6, ¥
49 AnR9Y An, BHe) Hga

—_
N
N

o 8
Noble
1 o

o

=

=
715

[e)

=

go] o

Xe)

(1) Xe, Kr

12p2.87]

I
=

o

stglon meba] A/

Aag s
YABR ofFuL, AdAR go] 2
i A

— 80 —

A
&
i
=

4
1=

=

[e)

S

TAAAASE 2= o
IFO] °F 0.35% =

=
R

ol 1L Nal7l Ao RHE



0.1 4

—— |_mass fraction in Core

—&— Nal mass fraction in Rxvessel
—— Mal mass fraction in Containment
—%¥— Mal mass fraction releas ed

from Containment
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Time (hours)
O 3.67 ZHZE H2IMIES SH6t WHANHALL Al, Nal £
T Y UEREE

t}. Level-3 PSA

Level-3 PSAE 3402 F&EF UM EZE 9 FHo| uze gAras BHrisk=
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2. QEARd PSA

AR, S, ol dish o2 2ol glAad HUEE 5kt

« AR Fam BrE BAZE ASAA 92 #AE PSA 7|HE yHoRE=B7F
(PSA-Based Seismic Margin Analysis)E& 33

o 3 & M 2lA3 F7h Level-1 PSAS 3%
- SFR 544 4% HW¥Y FA4 Ee= o2 R d4dE & SleEE, 3P4 PSA

(1) PSA 718 WHAFE ¥7F
SECY-93-087°1M= FA7F AsAA k= dAel 4% PSA 7|4t Ylof= B7HE
st 7S] HCLPF(High Confidence, Low Probability of Failures)”7} AA|71& <HA
ARG 1.678] o] He7Fe Ho|== 85kl Utk PSA 7|8t WXlolf= BH7l=
A 2ol HCLPFE B7Iohs ALRA, v o] 38502 o|Fojint,
o WXRGE BH7HE PSA 4 /i ARFAQI PSASF Zo| A|Xlo] ARt Lol Alut
(g e 43
o A2 HIZ= BA ZZ AYE o] Y= EE SSC(Structure, System, and
Component)°] dis] HIF=E H7t
* Y% HCLPF B7h: ZF Alu=] o] tis] HCLPFE B7} ol% 7% 22 HCLPF7F €
A 429 HCLPF7L d

W7z B7t8 PSA ZE 74 HH™ HCLPF E7t
~ EWIPNFal=:| . APDZOH
Aroz oot | J ANDZHS AE > e AnB 2 R x|A|:+xac;<|a+Ey1|Ar
7| Bt S R SSCEE el
==/ 1T % HCLPF Bt
A
X2 F e Eot
A 4
A X
= (A x|ok
(Review Level SSCE:;F
Earthquake) ©

13 3.68 PSA 7|8t LIEIHRT BIt it
AR FoFe H7he kAol S vAle SSCEO s 3=t SFR H3E 14
SSColl disiMe ALFFE F7He sFstALeH, A=rt FEsHAY g A= 71719

49 Generic fragility data(EPRI-TR-3002000709)2 41 ARgst o, old Q= -9,

_82_



NUREG/CR-7040, U34 PSA ARE AFR)E A&ttt

. A4 Fokw B4 SFR 9929 19 SSCol fe] BB Hokw BAwie A8
3to] ofe} 1} o] Wt
- AP A A5 A (BEARSHAHEY, NRC Reg.1.60)
ot Yol Folnl BTl sl 4Al AAST EHES 5
- 32EI} 71719 45 A4 T APARERE =2
¢ A7 HoFE B4 At oy o] Foly
AE BAhA S E
x2S ’EE@—Z‘{F’E T momy
2x7E EE%%?'E T oy
DIEIA| A DIRIRSR| B2
AX2 87| XX 7ES XIX|& mpa
AHX stack,
TEHAHAIS FHX damper,
R EEEE Damper support®| I
EJ;E(%R?/L: ;,H)a ezn | 3 -u‘-DiHEtf I
Z7|UM7|(SG) | B7IM7| BE | EHIR/LE
doigzem | MOASAXN | xog ye =
(RPS CEA) ] S

T2 3.69 XITFIT WIF Mt U KZFOE 24 Ty SSC

AR Aele EHe

MU

o BRAE
L Ao7 7Pgstith
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A gt PSA g2 ofefjel o] AKX 27|Ab
C2HE A ofF 1, 2¥A A YHE A4
AASE PSA BES FASIF o, 3~6HA AITAYE zZ

7}
uhE, YARE7] whEo] g, o] FeE2




H 3.13 AZFUE Bt 21t

AsS CH4 SSCs Am(g) | B. | HCLPF(g) H|Z
HA=AHE HEZZI2E YR 3.10 0.35 1.83 S ATFHAE FIt
HXUE HIZFZE 9| 8.06 0.35 3.57 SEEN ATFHAE Tt
HEIA|AE! HEIZX| 2.08 0.35 0.92 SEEN X|ITIFAT FIt
N XX 2=x2 239 | 0.35 1.06 SSEN XTFHYE "It
AHX 3.33 0.40 1.31 SIEEN X|ITIFHUT HIt
SI22X X|X|X|OFC I
Damper 0.80 0.61 9 40 Generic Datalf HXl EMS
P - ' ' HiI50] B
~ ~ Generic Datalf HZ S4=
Z7|UMI|(SG) | B7IEA| B 3.06 | 0.40 1.24 urossio] BN
RO 2 23H| Generic Datalf HXl EMS
([0 -
(RPS CEA) q|0{= 4.60 0.50 1.45 HII510] B
Seismic Steam
Seismic Event Isolation Buildin Aux Building Reactor Gen?:r!ator Loss of
Sy§tem 9 Failure Vessel Failure Offsite Power

Failure

Tube Rupture

S-AB

S-RV

S-SGTR

1 |to %S-LOOP

to %S-SGTR

%S-RV

9Seismi

S-IS

S-RB

%S-AB

%S-RB

[ ¥, ]

%S-IS

J8 3.70 AT 27| ABS=Ele=

7 dRAES] B firAbde 7120R sto], of7je] Axo® <lgt SSCO| agAtd
< F7Isto] AgEh olF AX PSA HEE 245t 7 AuEedz HaAthdihs
ARSI, Min-Max 42 °]85t9] AUz ed HCLPFE AARIG oF 24 HCLPF/} <
A ZdAe] HCLPF gto] Hrt. 24 A3E gofsty o3t 2.

* YA F HCLPF ) 0.5g (BAVIE PAAAZ9] 1.674)

2

SFR 9¥& EAE st FHUEE H7IE SSCEL % FH3| & HCLPFE 7HA+=
Aoz H@rlEgich I8y Y94 439 HCLPF: 9yt #HIx 252 AFE3SE SSCol 93 A

=, o] & SSCY HCLPF= WZS AohA] &2 UrtFQl YHoAie] HI7HETE 1
SHATE F5oE, UEt HOE AaE ARSSE B2 9] SSCEOf diaf] WA ARoA FHeFx
£ Frfol= Zo| Egoitt

(2) 3 9 A4 Level-1 PSA
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SFR 99Rol49] 72 3 Folo] el WAIsH: S AAER A% PAIE o 1
Y3 2o AR Pt WA F8 TGS 435, T okl U AR
o A2E derstel, ol A7 7 Aokd % JV/AS WAL G wokstel 1y

AHTATE | o, &

Aol o Mol Hl= SRy 2l
M| e
- O —_=

HI
1z
L 4
i
i
4
>

b 1

PSA 7|7| M

= ZAg=lo] 9t} PGSFRY YA E(UAZAE, HRAS Hdads fawds|AD),
Room Number DBD(ZAEAE HZAR) zue ZAEslY s7de Basiac o]=
wAl&A) #EE 7]7|(PSAY] 2dE 7]7)7F AR EHo] Qi IATEYL £ 36/E ARE
o], olo] tfsf St PSA E4E& FH53ct.

MCR 314 =&

AurAQl AA9 3 Az EAA, FAJLMCR, Main Control Room)°] A==
9o, YA Aot BrRsstol Blamst A vehdth B REOIAE FA S
7 WEO s EA4E Tetstr] 9ol FDS(Fire Dynamics Simulation) 55 ©]-83F 3t

=

dol e +aatola, 1 ATE A0l B4 PSA RAjo] TeaIg

S 7L
3670 ST Ak 717 D QskEd, Al sAgEA 2 AdulE, e
T, AFHEO) AFFEC] o S WA S Tejste], sATEER Aoy vES

s glaz AeFst
Zr S 9 R ASRIE Bol, PGSFRY AR QI LAEIHIEE 7.95e-11/yr2
B7IE S E 3.14004 ERo] AFHiHeo] Aurte IHAFY F st F-C304(Head
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Access Area)’t F8 IHIFIoE Ut o] o I HFAe] AASH vl
17.7%°1t}. o] M2 WEsh= Awhldt 0] B2, olE Awvlde] 4= s 3t
A7F Ash, mE AIAAASS 3 B 2k AS7Y &R gF AEAAAS 1L
5} 7ks/dol Stk etk I a2 FAOA sz IRt Aoz FAOY A 7
9= Od Z Aot oF 7 B9 FEZ Tste], LASINIEE Aklellth. kAl
ToA FAY A7 AAITE HIE2 oF 9%/t Ho (& 3.14 D).

#* 3.14 SHAF9E CDF A A3t 43

A e S
$AT EEEEL coop T AR o COF
= NUREG-2169 =7 %
F-C304 HEAD ACCESS AREA 3.09E-10 1.26E-05  4.56E-02 LAIE-11 17.7%
F-C303 CONTAINMENT ANNULUS AREA  3.09E-10 354E-04  2.01E-02 6.27E-12 7.9%
F-A122A Steam Generator room 2.13E-10 1.15E-05 2.05E-02 4.36E-12 5.5%
F-A122B Steam Generator room 2.13E-10 1.15E-05 2.05E-02 4.36E-12 5.5%
F-A316A  PIPE CHASE 213E-11 758E-06  1.09E-02 2.32E-13 0.3%
F-A316B  PIPE CHASE 213E-11 758E-06  1.09E-02 2.32E-13 0.3%
F-A123A  SWRPR SODIUM DUMP TANK RM  2.13E-11 758E-06  1.79E-02 381E-13 0.5%
F-A123B  SWRPR SODIUM DUMP TANK RM  2.13E-11 758E-06  1.79E-02 381E-13 0.5%
F-A202A  yoor, CLASS IE LOAD CENTER & = o8 9.50E-04 5.06E-12 6.4%
F-A202B  qgo, GLASS 1E LOADCENTER & o6pog 9.50E-04 5.06E-12 6.4%
F-A205A  CLASS 1E BATTERY RM 213E-11 6.45E-04 6.90E-15 0.0%
F-A205B  CLASS 1E BATTERY RM 213E-11 4.85E-05 519E-16 0.0%
F-A207A  DC & IP EQUIPMENT RM 213E-11 8.00E-04 8.56E-15 0.0%
F-A207B  DC & IP EQUIPMENT RM 213E-11 8.00E-04 8.56E-15 0.0%
F-A200A  4.16kV CLASS 1E SWGR RM 1.06E-09 1.99E-03 1.06E-12 1.3%
F-A200B  4.16kV CLASS 1E SWGR RM LOGE-09 1.99E-03 1.06E-12 1.3%
F-A223A  RVCS STACK 213E-11 1.69E-05 1.81E-16 0.0%
F-A223B  RVCS STACK 213E-11 1.69E-05 1.81E-16 0.0%
F-A401A  1&C EQUIPMENT RM 2.82E-11 157E-04 2.23E-15 0.0%
F-A401B  1&C EQUIPMENT RM 2.56E-11 157E-04 2.02E-15 0.0%
F-A407A  MSIV RM 2.13E-10 2.05E-05 219E-15 0.0%
F-A407B  MSIV RM 213E-10 2.05E-05 219E-15 0.0%
F-A412A  STEAM GENERATER RM 213E-11 115E-05 1.23E-16 0.0%
F-A412B  STEAM GENERATER RM 213E-11 1.15E-05 1.23E-16 0.0%
F-A518A  AHX RM 1.0SE-09 1.98E-04  7.68E-03 LO5E-13 0.1%
F-A5188  AHX RM 1.0SE-09 452E-04  768E-03 832E-12 10.5%
F-A519A  FHX RM 1.05E-09 445E-04 1.02E-02 831E-12 10.5%
F-A519B  FHX RM 1.0SE-09 445E-04  1.02E-02 L10E-11 13.8%
F-D201A  DIESEL GENERATOR ROOM 2.20E-11 3.33E-03 261E-13 0.3%
F-D201B  DIESEL GENERATOR ROOM 214E-11 3.32E-03 358E-14 0.0%
F-T000 TERBINE BUILDING - GENERAL 2.33E-11 401E-02 469E-13 0.6%
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F-D202 SWITCHGEAR ROOM 1.06E-09 2.83E-03 1.16E-12 1.5%

F-Y001 MAIN TRANSFORMER 2.33E-11 3.00E-03 3.51E-14 0.0%
F-Y003 UNIT AUX TRANSFORMER 2.33E-11 1.88E-03 2.20E-14 0.0%
F-Y004 STANDBY AUX TRANSFORMER 2.14E-11 1.88E-03 2.02E-14 0.0%
F-A433B MCR 7]yt 4.19E-13 0.5%
F-A433B MCR 9]t <hzh 6.74E-12 8.5%

7.95E-11 100 %

AAH ERNS U AT B 104709 A5 B 847 AEAS =k HAA
A T A8 AARA ke Warel 2030 del, REAE U Hulaze Aus

£ ojgstel wARANIES ANS AT}, 1.89-11/yrS 7HE AR BAHIIL.

¥ 3.14-1 A$F9E CDF AA AHst a3

*ﬂ‘j@}fﬂ 4 el CCpp Al CDF CDF %
D-A122A | STEAM GENERATOR RM 213E-10 0.0062 1.3%6-12 6.98%
D-A122B | STEAM GENERATOR RM 2.13E-10 0.0062 1.3%6-12 6.98%
D-A209A | 416kV CLASS 1E SWGR RM | 106E-09 0.0062 6.57E-12 34.77%
D-A209B | 416kV CLASS 1E SWGR RM | 106E-09 0.0062 6.57E-12 34.77%
D-A309B | REMOTE SHUTDOWN RM 213E-11 0.0062 1.3%6-13 0.70%
D-A401A | 1&C EQUIPMENT RM 2.82E-11 0.0062 1.75E-13 0.93%
D-A404A | I&C EQUIPMENT RM 282E-11 0.0062 1.756-13 0.93%
D-A412A | STEAM GENERATER RM 213E-11 0.0062 1.3%E-13 0.70%
D-A401B | 1&C EQUIPMENT RM 2.56E-11 0.0062 1.59E-13 0.84%
D-A404B | I&C EQUIPMENT RM 256E-11 0.0062 1.59E-13 0.84%
D-A412B | STEAM GENERATOR RM 213E-11 0.0062 1.32E-13 0.70%
D-As00a | SQRTROL ROOM SUPPLY 213E-11 0.0062 1.32E-13 0.70%
CONTROL ROOM
D-ASIIA | EMERGENCY MAKEUP ACU | 213E-11 0.0062 1.32E-13 0.70%
D-AS00B | Sobpry Ay ony AREOCK 213E-11 0.0062 1.32E-13 0.70%
CONTROL ROOM

D-ASIB | EMERGENCY MAKEUP ACU | 2138-11 0.0062 1.32E-13 0.70%
D-D20IA | DIESEL GENERATOR ROOM | 220E-11 0.006 1.32E-13 0.70%
D-D201B | DIESEL. GENERATOR ROOM | 2.14E-11 0.006 1.28E-13 0.68%
D-T100 | TB Bl GENERAL AREA 2.13E-10 0.006 1.28E-12 6.76%

1.89E-11 100.05%

_87_



A28 SFR StAA H7F A +=
1. I} OtMsHM IE MARS-LMR ZE TR
7}. MARS-LMR TR9| &34

2o A 7fEEo] A% PGSFR(Prototype Gen IV Sodium cooled Fast Reactor) &
A4 YeiAe EEEAPHAREAR T A(SDSAR; Standard Design Safety Analysis
Report)E 28 A7 AlEstal AAE AA A7 SdfioF v A17139] <L
5|7t AARE flsAl= PGSFRY AARMAAES HET & Sl FAsiA e W20 gk &
A 4ol IeAoE QFHY AI71ES] QL7 g9 4 870 PGSFR A Hf
3 QPHAS YA MARS-LMR T =7t AFRHETE AA otAA] FHOA 71 40
= AASoF & WE2 o] ZEE o83 AalsiA Axto] gt 41244 o] SEolth o]F
A E FAE7|EETA(TR; Topical Report)oﬂ/ﬂ% MARS-LMR FE9] A5 9 H8d
9l 283 A-8RHA gt —E‘—/—‘ﬂ:% 3l PGSFR #-& Etd/dol disl 7| ofof gttt A
MARS FE+= BAFE A4 ARBEWEA ofn] g2 4F Aol $a¥s o] R =
S FASAH Sl #BS /\1-‘5 Alg]gdo] BHE FTolty, MARS TEO] Xujg4] AA|l=
2 (Signle Phase) YZA A&l =2tetetdd 722 0s 42 PGSFRO| o Zo] A
€2 & Atk gyt & QAR d4A E40]

A 2dEy L4 ddm 9 f5 5 AAEAC] FEEe FEY Bd2 g F&Eolof
gttt oju] FS5E MARS REE2 IHE AREstEzie AS4H 9 WA4A] Zolz Qg =
Lol & 9o A= F71H41 dSol dasith. webA & HilAol= MARS-LMR
A= L=t} 4l PGSFR &S Hd 94" AHE

%*]Ei 7|1&cts A 92og gt FFol AMed A

AT ofyz} SFR A¥=ENA ¥ H=7| HAIARE
et H Qo AHFRoA AREEHA e FEQ
DHRS(Decay Heat Removal System; FEAAAS)Y 4L 2 dotet 22 Eda
T Ao M ASAAE TR

ol HiFolM 2 BEFEADTYLHEIAMS 2 =22 MARS-LMR FEo]| tigh
PGSFR &€& B4 7l&sto] #A71389 QL57E AARE S8l AlEste Aot mes 2
T Y& 5 oln] AR A& dACA ¥old JdF dxe Iz 583tk ovl PGSFR
A& sl AEA EE 21 9 F& ARGl AAlsH 71&

o =Y AeAa 9 £ ol8% A & ofyzt, oAZA A PGSFRO] 31%
o SN E AFGEHT A FAE FF5H] f8 o] EilNe AV FAE VIR

2oz J3 JYzx] EA o]z Qlsh AF

2
>
wn
s
=
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U
=2
>
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2
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A9 AAEAel B WE R AAA (D49 AR A 128%, KINS/GE-N005] °f
whe} 2HET,

Y. MARS-LMR TRE ZE89H9 2 AFAL}

Zo(Loop)ZE 7AH FA4=E2 & FH(Pool type)?] PGSFRS A|FZ 02 ZJo]7} QA|HL
A== A Aol ojA= @/ (Single Phase) 350l ttollx= Zol|7h glek. et 1§
A B4 ZolofA 2= Y E 5T HEY 1A REEZ ALstale iR I
& A8l 7hestth & 40 e ACE motH AT 49 HEEZ V|E 9T
52 HAFeEN ZA7F QIth EIF FAFRo|A ARESHA| = AR HIEes 7|E0
e gxmdo] ffs] Adgt dg 2E=E ot Jhssith S718A7] #S(Tube Side)
79 371+ FE4E(Superheated Steam)o]A|TE, HEZojA AMEEl= HEo] IR
AEEER Agole A A7 ot & H(Pipe) HAl EolA49 B f5 R 2EEXE
AL 283 ALE So] IAYE DHRSY AF-2F Fu¥7|(DHX: Decay Heat
Exchanger) RO% 7|ZZA0o2 HEsH LLtE JIFoEH FEO| 7hssith E9,
MARS-LMRZ 4RHHR1 A F3t AlE wiEo] A8 = e I=0|ER A A Bdd2
Y B9l FE35] 7Fsottt. PGSFRE A5 28] d7|delA SHEEE i dzA4d
AARL(LBLOCA)SF &2 &3 wolrt "ax| v AR, AloAls, BoAS, W
A HojoME A2 FUSHERE Agto] glrh. wEhA] o7—}xﬂ7} H55H7] A i Akl
iAol A&/l oA A7 ATk

o] It A& % 7‘43"401]/\11‘ AZet ZAR0] gloy, i FEll AR ARGo

1

LCO 274 fgt v moALol= &Rt Fo] Attt 1=y d¢ PGSFR A4lofA]
A2F Hl5o] PAsHH A2 dd tE 548 UEEE MARS-LMR Ft+ A4t &
5ol "t PGSFR SHEsiAS] thAd AlES 4 dR-6°] FAEE= BE7]olal, AF H
SHA9] Alaole thE F=vh ZLEERE PGSFR AAZIEALL SjAols AEF o7 EA
7F @it

$E2 ERHANAAY 9 2FY41ER] HAARARTA 52 RS FYe
{PJF—A A2 9 SFR 9829 44, 24 AEED AY, THA 24 5& 15t
SFR 93=& EAZAA g At AU E A%t 449 AAT=RALCO) B7HE
FeYsto], QtHsd 7|20 digt HeAdS AAZCRE Hrigitt 3 SFR €32 dA2



ok

Howaet O AAACl Hie BrsAE s@stel A2 HoAlS] AEAS Sttt W
S=OIH(TOP), FFFUAILLOF), FAALDFLAIL(LOHS), FAZ-E7]mHEARL
A-&(DHRS) wiTabARL, ALY AARIL(SBO) & HEARLC] dis] PdsiAe s3sta],
SFR €32 3435 49 1k ohd S4& Rl

Z}. MARS-LMR ZE PIRT

(1) PIRT 7 &2

oA 7 F SFR ¥F2E FEARE AHdole 2 YARZA HAeRe Aolgt
AAELE 7T AR oty e 2 A AEjolAe] dAt2 AsS Fgst
Al d&ste A2 dAR AA g <1-57FE ffs g4Aloltt. @A SFR ¥¥E S|4
2 95t A%s)4d F=Z MARS-LMR FE7F AFLET 9tk MARS-LMR FE9 3L
3 % TAZA PIRTE 7Hdste] SFR Y@ 204 A 7Hss It 2 Alx

274049 F8AE EEok= Zo] Easirt. /UE= PIRTE SFR 9329 H|EIARL
e ol AHgEE MARS-LMR FE= 2do] H3hA, sHAd, 21 7fA de4de =&

=2
e A *8 2oz Wt

(2) PIRT 70 w8 € Hx}

SFR ¥%¥E MARS-LMR PIRT+= AA ¥ PASfAGF| A5 ojsto] =719 HH
7 AR7FE R d4E JEVIE 8" AR as0l o9 Rk oHE IR
24]. ol& HE7} 18L SFR 9@ 29 MARS-LMR #E9| HAFAS BHristy] 93t 7%
AZA PIRTE 7Hdsto] SFR Y204 4 7hedt e d AL 24 Fo 84S
Zo13 ol A9 A FAEE FUISFATE SFR ¥9¥2 MARS-LMR PIRT Z2A
£ ZAAs7] 95kl 7129 PIRT ¥ ARE HESAT. SFR ¥938E MARS-LMR PIRT
Mol ZZol = 4% 9d Hdols +3= U APR1400°] LBLOCA PIRT HEAHZIL
3 2519 DVI Hi# bk ARz PIRTO] A-&=HA" A3 9 SMART-330 PIRTRIZEHA
26] AAE aEste] ZAGEQTy. AA PIRT 43 54 9 4% w2ty 22 dA= A
g £k ok PIRTY 1594 AxH1H 3.72)= th=a ZoHREd 271

o L ok mlo

[>

H
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(3) Phenomena/Process 583 Knowledge 55

A9l 9% RankingS Aot

Define
problem
&
objectives

ay

Identify, obtain &
review all available
experimental &
analytical data
@)

Partition
plant into
< omp onents
(sub-s¥ystems)
@)

into convenient

Identify
important

{ Identify 3
important

plant design

scenario

features

&)

Partition
scenario

features

: “) :
Define

primary

safety

time phases
3]

- Identify & define
plausible phenomen

& processes by
phase & cm‘npunent

Rank ™
hlgh level Cl:llI]pl:lnE[ltS
systems by

phase phase
O 1
p (1 ) (1 )

criteria

! =) /

{ Rank 3

phenomena/

FPerform curnputer code based & other
analvses to help confirm ranks

a3y

1% 3.72 PIRT &A=}

processes by
phase

\ az /

Evahiate
knowledge-
level of
ranks
1

A= PIRT Zg2A|AOA 7F 293 A 2

process= PIRTY] AREEZAo| wel A HET APAIEAPAl FHS-&7]|F0] v]X]

I ZeAA0 A FREE Aok
H=high(&Z<

=9l ® 3.159 2.

71 st W2 L=Low(
S) 39A scaled #H-&st= Wo|tt SFR ¥9¥E MARS-LMR PIRTOIA 283t
Ranking scale®] 2Jv]&=

H 3.15 SFR ¥¥= MARS-LMR PIRTS| MUX SQE0| M2

e M:medium(i%),

Ranking scale

Rank General Description
1. Highest of the high
High 2. Experimental simulations and analytical modeling, with high
(H) degree of accuracy, is critical
3. High influence on Figure of Merit
1. Moderate influence on Figure of Merit
Medium 2. Needs to be experimentally present and/or analytically modeled
(M) with moderate degree of accuracy
3. High influence on Figure of Merit
1. Low influence on (or importance to) Figure of Merit
Low . ) . .
O 2. Very low influence on (or importance to) Figure of Merit
3. Approximately one-half the importance of rank L
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PIRTY] Zgolt Eoldy 2 ZaAao] 4uid 2% A= Ho9 Ranking®] H
o tigt olsfE= tits] Fasitt PIRTS A=+ PIRT Ao Fojsta & HE/FEO]
8% 4+ %= Knowledge leveldt UHI IAE 7HAoh. @4 9 Z2AA0] ofigh
Ranking® Knowledge-Level®] %32 EF @ o oF HId=FHx FHodH
Ranking® Z¥h°o] Hx= 5= & 4 Utk SFR ¥FE MARS-LMR PIRTOIA
Knowledge-Level Rankoll AF&H scale2 th22] ¥ 3.163% £t}

T 3.16 Knowledge-Level H2[0]| AL scale

Rank Meaning

High(H) Fully Known. Small uncertainty.

Medium(M) Partially Known. Large uncertainty.

Very Limited Knowledge or Totally Unknown. Uncertainty cannot be

Low(L) characterized

(4) PIRT Ay ¢ HE

SFR ¥3¥E MARS-LMR PIRT ZA¥E HE 3.179] YERHSTE SFR Y32 dhdho] 44
Fgz70] ot AL F HIEIARL PASHA] A8 EHoR A Fl Ak A
o AZFS =EZozg SFR ¥¥E MARS-LMR PIRTE 7/Hestich. SFR ¥
MARS-LMR PIRTE= AA 9 Abasiao] d7ke] A2 7H Aw7tet A58 AIE A&7t
EZ SFR ¥93E MARS-LMR PIRT Y¥3lE FA5t0] 2Fs¥oH olE HEHL
7boll ZASte] SFR ¥R E THAY HEHIAINSERE ol ARoA A4 =
A AFE X G ARES TESHA ol A AR B & 7 A olA dAEE
=2 dA 2 ZZAAE QMHT]-87]|F(safety acceptance criteria)ol T]A]
RankE A5t 5] H 5322 HoH A4 SFR 9329 tdAgo] 83 dFS
2= QAR olE @49 A 9 maAAct IHH AT AAVE, A IEo]

drde 48 5 @50l waw Aow u&%ﬂu} Aalgzol I 53 AL §Us
A2 871S B G&Moln, ol HAAelN BeHom wdzm gt E 317994

o g HARE AdES FRE7HH %%01134, AMeEES M 53 4%lH, SETEH
SRE WAYE Y, ddw YT YA, PDHRSY AA&se AQdsiie HSHAR=ET}
SR I} oo sl V&V HEZA0A Felo] 7hgslt,
SFR €92 PIRTZ @A A 591 ASEA, 3483 & ols Abdel wiet sidas
dtdsto] JRdtE ook 2 AolA JHdE PIRTE SFR Y2 H49 HESAL 314
of AH8HE AHsld IS <1-57ke Rt A5 & ohdt SFR d3=9 4A d I+



2 ASHE Z=9 i 5 SFR 9929 44 9 B Ve Y H 4S5l We

H 3.17 SFR ¥@2 MARS-LMR PIRT

Knowledge
Level

M

SYSTEM Subsystem/ Component Phenomena utor ULOF ULOHS

Fuel rod heat transfer

T
I
T

Rate of reactivity insertion M/

=
=

Care

Coolant Density effect

Radial core expansion

Axial expansion of fuel and cladding

Reeactor

i . Cantrol rod drive line expansion
Core Fuel Assembly (including CRDL)

Doppler reactivity feedback

Inter Assembly Heat transfer

Core Pressure Drop

Fuel Rod Fission gas generation

(ol Il Rl == =l = ol = =i = = el = o
|- |ZE|z|z|z|(z|=

Fuel-clad eutectic formation

Pump coastdown M/ NSA

PHTS pump

Pump Heat Generation L

Matural circulation (1D global flow) M/ M4

Reactor Primary system pressure drop

vessel Thermal stratification
PHTS

reactor vessel heat loss

Internal structure heat transfer

3D flow in reactor vessel

Tube side pressure drop

IHX tube side (secondary side)

Tube side heat transfer
IHX

Shell side pressure drop
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TEE HHO R Yotoks 3¢ di71sel 3719 A4 ¥Rl o3t d4agE AT &
A Al AEt2En A9 g7 2% 9 AdHE ST FEH 8%°E AF-T
7] 7k9] dAagolty. Awd 3719 ¥hg WA wEh, Ah w¥Rgof Qsto] WSt Aade

19+ vk3-5t

ol tt=ot. Axzo] A9 ALY, Aw E A} Hlust] A 7] Fol F
uhe

S wxo] 7] wEol, &% 4 P4 A AdTrE 9 A9 g9 L& &
greigto] o 37 /M) SFR 9B AYTEE U] wige ofF wjTioln, Aghjw
o BREo] 9] W] ARV WA HuE 25 E S 2Y Ths Ao
w9 ek

2. CONTAIN-LMR FE PIRT

SFR H3=9] AYg+z2E WF ALY a4 B7F 9 As7HE #fste] CONTAIN- LMR
FE= 2 ARz TR 09T 4SS 24571 At 95 582 AL Qlojof

o, 24 A ggdido] AFEoJoF gt CONTAIN-LMR FEQ 24l HFE 95t
SFR €8 =& PIRT(Phenomena Identification and Ranking Table)[FIE& 56]°f 7]
ASAAE vtk
SFR 992 PIRTOME L&sH AA7IEAL AYEE Asta, AluE|le Sl <t
A Grtol| JFS F= S EEIlo] AL AR EFSIIL E3 CONTAIN- LMR
FT Y HF E4E A5 A ARE Ao AETCR 4 o] He= Iy
A

" A3
el FAEA B0 84 2d9

b
ot

S Z=Eorch U, =2d EA AZ st A% &
gol %2 B4, A¥ FEoE AHHES sy 1o I o] 3&s| Hezo] He
E otojof sirh. HFHOoEE CONTAIN-LMR FE A3 Bolo] SFR Y9329 A9z
= YR &F Ao ¥ AAVIEAL M 91 Ba4Aola fadt A8A 4 dolE
£ Ao M, 2EokA ARaLsA Aol w3t A=

mlo
1o
%ﬁ
2
4 =

SO AAZISARL @4o] Bt PIRTE= T &2 EAz

Q A4, g AdeedA TS kAEA dA old] T3 FAFS] AtiE Fa/do] #
3 9] 27%. SFR Y3 E PIRTOIAME AL @49 AR FHOE 4F A o5 T
= 78 FYESZ 1R FEotal, Axdo] FHY B4 & FHoA9 da EHo= b
o] nE3th 2 AR o] W3t FeTl AYERE LxAAAY U R4 ForHS
7¥st7] flste] 8FEE JIARE WA oE HUHE e, ot AXEE FREY 2k, AY
Fx2E d7] 25 9 4=o] sigErt £ AAeE A AR It B4 RdE LR

sto] IR Qe E 3.212 AY &F ¥4 AU Qo #3t PIRTO|th. CONTAIN-LMR Z
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Ee v qAVE ZERA, AR AL 24 23] a4 3 83e4d2 olv] A5E A
o Ee FUolM &'Na)2 AdE=2 2R=0 7 Wadl, &% s 242 At 71
2Rl Aol A= = ARFeltt. webA, djQjoA +dd o F b 3 AZFo] 3)
A Ad 2SS S0, dARAEY 2k B 4= 9F= Asd =
Ao oot M= E4Z St Bzl dggel MAE 245

H 321 Mg 48 742 AUZ|0 2ot PIRT

Phenomena Importance Knowledge
Structure Containment Containment gas Experiment data | Codes/
temperature | gas pressure Models

temperature
Jet/spray breakup L L L H L
Spray combustion L L L H M?
Oxygen deficiency L L L L L
in spray
Heat transfer from L L L H M?
spray
Aerosol (smoke) L L L L M?
formanon from
spray
Pool combustion H H H H H
Heat transfer from L H H H? M
pool to atmosphers
Aerosol (smoke) L M M MH L
formation from
pool
Heart transfer from H L L H H
pool to struchure
Heat transfer from L H H M7 M
atmosphere to
struchure
Sodinm-concrete H H H H M
NTETACTION

o, V&V HEZA

CONTAIN-LMR ZE Uloll &% E3H) 9 Axdo] sh 2d H32 fiste] & 4279
i ARE HESH] 49 2 ARAR 52 HEY ¥, CONTAIN-LMR A3 Zasioa
ddHE ARE2 B 9 ARSI oY S AAH &8 E M, &F 2=l 3}
A Bl 452 Hotol AgE V&V WEAE 47 ® 3.229 # 3.2300 Q9= it
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H 322 2& E 3 V&V MEEA

7] A=
3| A
] L} )éla o) 7‘4%
i=B% _ . al | A= u 2= | g8
)ﬁch] A = e | 78 | 2 TS] A3} ey = | Input | A5 | Jp=
o 225 MRS g e g
2 ST u ke e
S A T T
04 giis
=]
B
Aerosol Behavior During Sodium _
AP-1 | Pool Fires In a Large Vessel - | 1979 /"lﬁﬂ 0| o o |SEIREILT O X O | w
CSTF TESTS AB1 AND AB2 =H h
Metal Fire Implications for :
_ Advanced Reactors, Part3: o] &
PS4 Experimental and Modeling 2010 /AE 0 0 0 THCP1D X 0 0 H
Results
PS-9 | &% Al 549 AdA A | 1994 | A 0 0 0 X N/A| X X H
A(Aerosol), C(Concrete reaction), F(Ferric reaction), P(Pool fire), S(Spray fire), W(Water
reaction), Z(°]& 5 7|E}&E)
I 3.23 A5 ADYO0| 3 V&V THEZA
- Al Arz=
718} 213 = A=
- AR 3 2= | 45
A o] A - He | 7 | 2d o Azl | MM | F | Input | HF | =
= 2o e = - A S
CH * | = L= o Ry A3} A
- =) (M= S}
A T mT
= 3 X )5 A
ps-g | &F A O?%g 28 1994 | 2% 0] o X I NA| X X H
Thermodynamic Consequences :
_ of Sodium Spray Fires in o] &
56 Closed Containments: 1985 /23 0 0 0 X N/ | N/A N/A f
Part1-Experiments
_ A Study on Sodium Spray o] & SOFIA-
571 Combustion 1982 /A4 0 0 0 I 0 X 0 i

A(Aerosol), C(Concrete reaction), F(Ferric reaction), P(Pool fire), S(Spray fire), W(Water
reaction), Z(o]& T 7|E}gE)

8}, CONTAIN-LMR AA o]&

L RS BAL gdE A48HE TEY oS
A

g 9 B4 Aol faAo] et w2 AlF4do] Q7% CONTAIN-LMR IFE&= AR
AGAdE WollA EAcks et 4484 @42 29 E B4y fiste], U.S NRCOA
A "ol SNLOJA 7HEE CONTAIN FEo] 7|2& 7H¥EQitt. CONTAIN-LMR IFE+=
A2EYZ 142 vl=k PRISM 929 ZGAE WRA A= AFSHA Ald Adg3x
£ URo 2= 9 4EE 4517 9ot HEEQIh E3 SFR 93E AYTRE Wi
= TSR AAE AR U3, AF HiEe] Stk tere AHS HoJsh] flsiA= o
% AMulti Cell) 20| 7Fsdfiof st o] A Ztol] 25 53 A4 ¥h3o] 93t A
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SWAAM-II FEx AFYZ4as5E UFZ(Prototype Gen-IV  Sodium-cooled Fast
Reactor, PGSFR)?| S71'27]01M BAsh= Au-& BH= 4571 Ht Z=olH

F717) el 45 W7 mael
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Y. SWAAM-II TRO HE&£HY 9 A3kALS};

E 7= ANL(Argon National Laboratory)ol4 LMFBR S71¥A7]oA AE-& SFsht
dreEy dASE 240 % ZEE NEEIY. 2 == Ay 59 dombt

2 St

So7 £4 7|49 AA(Generation), WA (Expansion) 12|11 AIHPropagation)sh= 2
=2

=

i)

sto] AFL BATE B FSh 7147 RelH S AE-E W AbLe] o
A2gel el 2EE ANSHE AF-B WSATIF BHo| Hgo] Ak £ES
A5 AL, ABY AAY B9 AABS A Z/1L7l0] A AvE 2

S71A7IA AE-F 5 AR EA A, ST EAE o] bt THTS

: g 49l 1.0 MPadl
2 TS Foto] AF @ ga=
S AF-EHRSUEHASHAE(SWRPRS, Sodium-Water Reaction Pressure

Relief System)o] #&sto] F7H4Ql &F-7 W2 AdsP] 92 Akl & 2A50] °o|F

SWAAM-II FEZ 0|83t AF-E W3 Al BEAoAE= 100 ms °oJH9e ©7] A% B4
2 [HTS WHoA AF-& W30 9sto] wAyste= A4

sfo] H greighe AARIT B AnE S71947] AEw 547 BA FUSRHDEGE) A
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15 7HAs. (42 SGTR /\}19] Uy "W E 78, NUREG -CRG6936) E3F AFAsf4
]_

o g AE-E HRSOA $4 7|A AAAEES 0.7, ¥ (Reactlon Rate)2 1,524 m/s=
og

QR grow Fhgait <°mm o= Azte] uet WGBS 74) HAHEINES HTSS 5
171 AALE olshE TzoR e St

Z}. SWAAM-II ZE PIRT

SFR ¥3E9 J71¢A7] A BH7HE A% SWAAM-II FE= AF-= ¥ AR
Ae= ot =S dS7ks stolok st 24 Z3o] gd4do] AFEoloF gttt o]
w2t vl=r ANLOJAE= LLTR(Large Leak Test RigA|d< o]&3% H
stlem ol 7|Hte®E SWAAM-II ZEE HFSIth sHATE o A&+ ANL-KAERIZE
Het ZAEA 1] DOEY 59l glol= 3717 E7Fslet. ohAlwt d&F SWAAM-II A5 23
£ Ak SWAAM-II 5 W&o 7|&stt.
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ol V&V WEZA

SWAAM-II ZEE &§sto] F7'TA7]0A st Am-= BHSARL] et SFEAS
37HA] Ado] tigt 4719 ASEIAE F 3.249F Zo] YA °]F SWAAM-II FE&
Azl ARSIty BUHE BIAE ASBE/SA0] HE EAslgon Tt A0 28
e,

H 3.24 A5-8 YIS V&V IHEEA

Al GRS

| 49 ) A%
24 _ uke- g | A= Q] HE | gg
Al A% AR TE | 58 o 7“555} Sz | 3| loeat | He s

Z | 75 ?j Rl oa-‘;]' A

A - T
ANL- Analysis of Large-Leak Test o2/ | 2E-
CT-8 | Data SWAT-3 RUN-6 Data by Use | 1982 | Ly J_%g 0 0 SWAAM-TT 0 X 0 L
2-4 of SWAAM-T Code =v

ANL- Posttest analysis of LLTR o2/ | 2E-

CT-8 series—II <A-2 test using 1981 | % | T 0 0 SWAAM-TT 0 X 0 H

1-12 SWAAM-1 code> R

AL SWAAM-T prediction of large

e leak test rig series—II A2 o|E/ | AF- TA AN~

COT_ZS test <Test sodium/water 1979 2% = 0 X SWAAM-IT 0 X 0 L

reaction test>

’g&; SWAAM prediction of LLTR 1979 o8/ | AF- 0 X SHAAM=T1 0 X 0 L

9-35 series-I1 A-la test e | AAa
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2 HiAo E3tE SWAAM-II ASWHE ¥ Zy= ANLY ESF EAQ ‘Applied
Technology & BF%o] u] DOEQ] 49l glol= 8jxr} E715) o|d] w2t g Wi =
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4, ZAUTGHMIE ISFRA ZE JHY

7}. ISFRA ZE ZA2d Ad

ol

ISFRA(Integral Sodium Fast Reactor Analysis)+= Level 2 PSAE ¢t oFAs|4A =z
HOo= SFROIAS] FHAIL Al 8 AsE Hoste 7|62 Ttk & o] =+ 55| &
Lddg® FA4E PGSFRS R & U=F: /TEUT. ISFRA= PSAS AHUstr] #d)
SHARL H7o] Zo% ZAF 58 A 2 A= 71T o e HEEE vEoid=d,

T AR
o] HdS2 T R 2 AHud 24 AiE #3Y 5 Qe EEsER 4EEN
o

-

4 94Y 59y, W8T ARan 2d9e 2yl 9
A2 g7 YRPRE, FUIALAS, VLAAAS, Ade/le BIF & A HAR
WY A YSE A MY 25 U5 82 /1R, ddR W &4, 929 4R IE
2 54 59 38 WHL 7|eUt YLAAAE FUALY 0] Guls) 2F v5S =
P =S wE 1Y L §8, 19T AAT §8BY ANA HAS 9% mdo] E3y)

@ One ji i for gas
Gas @;

A
y
AA
©
o]
3
E.
3
?
g
E
tl
Q
vy

Hot Pool

15

Guard
Vessel

I@_{A

Bypass Non- Outer
Region Active|@d| Core |@

. 4 c:.-e‘ hannel
o o
Inlet Plenum
13
i@
- ;II Bottom Head |
o > =

\4 # Node
Junction # - -
(©) @9 =@ failure (or break) openings
..... > Junction due to melt-through

s0507-1PM

13 3.98 PGSFR Al & =l 2oE 2[ot ISFRA Lt HEE

Of

2TA PSA 7|&o 7H 5483 ddg ¥ ks Pl o mjEA a2 Y 8 ool
2}, SAS4A/SASSYS-1 FEOJA ARESt= ¥ mkhof ot g, 2 9 A|7E

g 2T & Uk AAREE FAS vk HEA e AT 88 AAR: @
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2 A2 7|49 FA% B o5 8§ ddE d EE AFo| FYsHA H 714 294
o8 YA Wb, vd 599 7 ddm Yo e Ak 7Hgith dolA YA
o] FEZ #4% AAdR-4F-AHEE VAV EFH] ARELE WA YUzt ZRRE
t}

o 93t 52 HEgth HZA 7IAIQ] Krt Xe2 A5 HEE 7|22 VAR &5
H1, Cse 7125 wpAYel AA| &% FZ4A 0] &of== 222 RdH) lodines HEF
7127} FAEo] A5ot7] A 7|E oA Nal2 HEstH, Nal, Te, Sr AojZ2E2 A=A
g4 HEH 7|29 7|0 wEt dEVAR sE5EY 28 A= A AAEREH eV ARE
o] HEYG = FEEe 7otk &5iE Y el UEUAE SEEe = A
Abstal, WE7IA FHolA AES7] SF2E Qg &F FogZl 3482 A%l dEF B4
= o] &3 viAY 3dAE Aw £ HlSol 8 HED AHE] eEEHe VXt
olty. &F HIT Al HEH YAHEC] A5 2FS7] 7I1ZE FFHI, 7|EEe SA FHELE A
AE 7|42 EZstELh X2 Z8(Scavenging mechanism)o] 23] HAEE AAE0] U&7
A 9oz #5EE 2ol AHA Ao, HEFE FH=E AL S| o] FAol o3|
&gsteETt. vl AF & RHOA TctE AF WS B U9EVIA gYoR Fo] 4
AEled], 831E 7]8}9E(Csl, Nal, Te, SHET= HIFUA HE(Ba, Ruel 83514 Hrh

Ag-87] BoA= AEE7] W AL Al BHEEH dEd AHES] AsS 245 sl
AGE712 HEHe 27 5700 9 &% A Rdo] xFEo] qiok 11 Qo dEA
e ool2E a5 JAE HdEo] ok AHEE7] B+ 19 3.999F o] 4719 A
871 997 T 9 EXY FIEEAR &7 qEdZ d9)2 Fdl T 579 AFHo=
Hagith A HEoAME WEEH &SIV 4987 W 571 9 Abaoke] o wt
= 7H9Rth. WA Ag571e 57171 ¥heSl At WSk, 517 R AXNE &
o= Atao} ¥HE= ZFP5to] Na,O2f Na,O7F AT, o] B = &'57] AE(et)
o} NayO, oloj2F0] ¥H35lo] Na,O AZ2EL FAdH. Jof &w571= SFH] o
2 FHE E46HA Het, 4987 Bd2 olF ARkE 9 AFS7] JoEEY £% 4
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node
junction
[#] heat sink

31.9m

13.0 m

6.3 m

—- -8.0m

2015071 6-1§JL

J3 3.99 PGSFR LE ¥ i FE3 DEHY

. START ZE /IE

[SFRA FE= AL ¥ & ksl dARS W27 2osh & Qe ™S 7HAA QAT

BAIGE A4l JdoldE RS BRIt wEbA 37 AgAS =o7l sl
SAS4A/SASSYS-1 F =9} Z3st START(SFR Transient and Radionuclide Transport)
F=E JfUetgltt. START FE+= SAS4A/SASSYS-1 ZE=O] Awd w4l/dds nds &
S AL AU RE HOJsto] AARO] AHiet kAdEA AE=E Wrlehil, 1 AWE HELe
% ISFRA F&9] AEd & 5 BdS ol&sto] $F g WEHe A 239 A
&2 BUIRtTh oWk SAS4A/SASSYS-1 FE= ARt dda=iy TEHE P 228
SFA] &obr] w&o] RRM(Radionuclide Release Module)olgt= EHZA Q1 EE0]
&S 314 ol & START FTX A 7}x9] =g 8o 18 3.1007 2L #FS =

[¢)

N

2

N
W

9

b
o
2L

o 4L YEsHe T 225 24 &+ At
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Radionuclides Released
to Environment

Reactor Conditions: T
Temp of liquid Na in cold/hot pool

Mass of liquid Na in cold/hot pool
Flow of liquid Na b/w cold/hot pool ISFRA
SAS4A/ 'SASSYS-1 { ﬁ -version )

Fuel Failure Conditions: Radionuclide Radionuclides Released to Sodium:
5 k& m: . Release Module o Tim -
ecay hea ecay hea
Fuel failure? (R‘RM) Radionuclide mass released from fuel to
Burnup of fuel primary sodium

Temp of fuel
Percentage molten

1% 3.100 START ZE 72

SAS4A/SASSYS-1 FEE= Alx AU eE wojsty Aot Y=ol s JEE A
St7] 9 19 3.101% Zo] kA, dAAE, AWZA 1Y, FHAE, F71EE7, FE
AAAE, JAERZTeELATE EF  Edsto] A4kt ®BFE ISFRA  FEE
SAS4A/SASSYS-1 FERHE AAE FHE WobA Aiks AdPsty] izl i, YAAE
A, S714A87], JIAAAE, WAETEELAT & ZdokA] d=th o
SAS4A/SASSYS-1 FEE &% AWZEA 2=t A= Ao e, dAREET] AF wHo
U AZEA FGol|A 9] d&AE TEshA] ¢7] fio] BAMIER W& A4te] HAF ottt
A TS, G AAIRE AMTZEA Alfte] Zhset ISFRA ZEE o835t AWriAo 2
o 4EHE AXIES 519

=

Cover Gas

Hot Pool
Imported from
SAS4A/SASSYS-1

~

Cold Pool Cold Pool
Imported from
SAS4A/SASSYS-1

~_ ~_

J 3.101 START ZEWAMQ| PGSFR ZHZ He
(Zt: SASAA/SASSYS-1, 2 ISFRA)

Hot Pool
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5. SHAID =7|SH| SHMTE SAS4A 7He
7}, AAA ] S d94 AS AR (SSCOPM-A) gt

sledm Al W2 U, Pu, Zr B AET ARy 249
YA £, Bond £F HAE YR FE 193 Hedmet nEAe] shshe 45 w1l
HEA 7 fa B delm ARe} FHE o] WEA AT AY 52 ANVt B »
o) AATE FEAE sjuRde] 27 2P0 AFH, WAR T4 AR wsjo] m
£ gojsty 2t 9 oz A% 8§ 54 W 49 2] 2Aox HeHL 1Y

3.102%= SSCOMP-A 34 dAAMS Hoj&t}

Upper Reflector

R Sodium bond above the fuel
Plenum Region

Clad Wastage

Iron rich region at fuel surface
Fission gas and sodium filled
porosity

Fuel Region Fuel peripheral region operated in a+é
phase

Zirconium depleted and Uranium rich
region in fuel middle-radial region

Zirconium rich and Uranium depleted
region in the fuel central region

Lower Reflector Sodium in the gap region

3 3.102 SSCOMP-A, DEFORM-5A aliAd oi4t

SSCOMPA 7ig wdoj st A4 A3t &4 9 HAZE sl ov]sf4]

g 5o} Wl 2] BE F2 THELY U, Pu, zr9 I AF Al = 4
Aget S Fo) L 2P B 2 Y 4TS Yot B GARe} AR 4

E ‘é_H
olo] Fshitgo] ofgt wEks o] WEA i ARe} H a0 Wdw yRmol Y=
Ase BAsT
7% 3.1033 1 3.104= 2 S S

A
A Bg 4 Adolth. EAL /It B 2 UATo] S o|Fes] O] WA WFO

RS

2 77 L
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O Gen IV SFR 9I-23H=

O SO(Safety & Operation) ZZAHE

Sl 25t Deliverables (27t, EAHS)

SFR system analysis code development and validation (SFR-SO-2016-003,
)
Development of Analysis Code for Mechanical Energy Release in
HCDA(SFR-SO-2016-004, =)
Simplified models for severe accidents calculations. (SFR-SO-2016-005, =)
Simulation of GR19 Sodium Boiling Experiments With Cathare 2 System Code and
Trio_U MC Subchannel Code (SFR-SO-2016-006, Z&H )
Evaluation of the ASTRID core behaviour in ULOF before sodium boiling

2016 | (SFR-SO-2016-007, EU)

(117)

Mechanistic Source Term - Metal Fuel Radionuclide Release
(SFR-S0-2016-008, =)

Passive Safety System Reliability Demonstration (SFR-SO-2016-009, "]<)

Risk assessment methodology of decay heat removal function against external
hazards (SFR-SO-2016-010, ¥&)

Evaluation method for Sodium-concrete reaction (SFR-SO-2016-011, ¥&)
Station blackout analysis for the Monju reactor (SFR-SO-2016-013, 4£)
Experimental investigation of degradation of fuel pin claddings on model
assemblies (SFR-SO-2016-015, Ao}
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