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Introduction

* Prototype Generation IV
Sodium Fast Reactor
(PGSFR)

= Characteristics of PGSFR :

—\Very simple plant

—PGSFR has sodium which can
be an ignition source.

=Fire Areas
—197 fire areas are determined,
—Among them, 36 fire areas

(including 7 sodium leak areas)

are quantitatively in detalil
analysed.

DHES hot leg

DHRS cold leg

IHIIII]II!IIIIIIIIIIII

Expansion

Flare tip

» Backprezzure
Ruprwre Dick
Gaz/Lig
Separator

2|23 FHHAHIE  Risk and Environmental Safety Research Division



Ignition Frequency of PGSFR

» Generic ignition frequencies of thefire areas
NUREG/CR-6850 - NUREG-2169

> lgnition sources:

— fixed source due to the fire of equipment such as pumps, electric
cabinets, etc.,

— transient source due to the maintenance work, welding, etc.

—Table 1 are based on the commercial NPPs
»  The equipment number
. PGSFR : commercial NPPs =592 : 1177
—> Small Reactor Factor : (592/1177)
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Table 1: Example of Ignition Frequencies of PGSFR

m

F-C101
F-C206
F-C303
F-C311
F-C312
F-C313

F-A106A

F-A106B

F-A108A

F-A108B

REACTOR CAVITY
CONTAINMENT ANNULUS AREA
CONTAINMENT ANNULUS AREA
SP SODIUM SURGE TANK RM
SP EM PUMP RM

SP VACCUM PUMP RM

ESSENTIAL CHILLED WATER PUMP RM

ESSENTIAL CHILLED WATER PUMP RM

ESSENTIAL CHILLED WATER PUMP RM

ESSENTIAL CHILLED WATER PUMP RM

1.37E-03
4.75E-04
2.98E-04
0
0
5.44E-04

1.09E-03

1.09E-03

5.44E-04

5.44E-04

1.26E-06
5.63E-05
5.63E-05
1.26E-05
1.26E-05
1.26E-05

4.44E-05

4.44E-05

4.44E-05

4.44E-05

1.37.E-03
5.31.E-04
3.54.E-04
1.26.E-05
1.26.E-05
5.57.E-04

1.13.E-03

1.13.E-03

5.88.E-04

5.88.E-04
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Increased Fire Frequency By Sodium Leak

= There would be a fire caused by sodium leak.

= Assumed conservatively that thereisasodium fire if thereis aleak
from sodium piping.

= History data of BN-600
— 30 years(1980~2010)
— 0.2/yr
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Ignition Frequencies of PGSFR Due To Sodium Leak Fire

Fire Area Piping length (%) | Ignition freq. (/y)

F-C304 HEAD ACCESS AREA 0.228 0.046
F-C303 CONTAINMENT ANNULUS AREA 0.1 0.02

Steam Generator room 0.102 0.02

Steam Generator room 0.102 0.02
PIPE CHASE 0.055 0.011
F-A316B PIPE CHASE 0.055 0.011
F-A123A SWRPR SODIUM DUMP TANK RM 0.09 0.018
SWRPR SODIUM DUMP TANK RM 0.09 0.018
F-A518A AHX RM 0.038 0.008
F-A518B AHX RM 0.038 0.008
FHX RM 0.051 0.01
F-A519B FHX RM 0.051 0.01
SUM 1 0.2
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An Example Screen of PGSFR PSA Model

& [PGSFR_PSA-2015] - o IEH
File Tools Help
| Project Explorer v o
.l EdAax =
- ” PGSFR_PSA-2015 ip“’je“c‘i_w?i Sima | CutOff Result |Remark 4y
&l Base , Set GPD-TRAIN-D True
&3 Properties 27 [F¥EITH pase | Set GPD-TRAIN-D_PAS Tr| 1e-17 |SFR-CDF = 4.§ I&C EQUIPMENT
&L Model Set SWRVO-TK True
=~ Fauk Tree Set PDTWF-D True
! h Cdf-AllLkft | || DeleteExistinglEs
ik Ft-Dhrs_2p_2a.k Set %GTRN True
i FEpskft Set GPD-TRAIN-A True
| h Ft-Fw.kft Set GPD-TRAIN-C True
~ih Ft-Rps.kft 28 [XELPIN Base | Set GPD-TRAIN-C_PAS Tri 1e-17 | SFR-CDF = 4.7 1&C EQUIPMENT
~1h Ft-Rves.kft Set SWRVO-TK True
b Ft-Swiprs.kft Set PDTWF-C True
[ - h Ftz-Etc kit ) DeleteExistingIEs
&~} Event Tree Set %GTRN True
| E Et-1-Gtrn.ket Set GPD-TRAIN-B True
.Gz Et-2-Loop.ket Set GPD-TRAIN-D True
) 29 [F¥1FEY Base | Set GPD-TRAIN-D_PAS Tr| 1e-17 |SFR-CDF = 4.¢ I&C EQUIPMENT
¢ Et-3-Lof ket
G Et<4-Loif ket Set SWRVO-TK True
! Et-5-Losf .k Set PDTWF-D True
E E:. 'k'::‘: I DeleteExistinglEs
- Et-?-Pdrc-ket Set %LOSF True
= G Et -S-Leak:ket Set %LOOP True
- EEO.80 kn Set EPDGW-01AB True
{78 SN Set EPGTS-AAC True
| & E-A-Swrket | Set PDMPK-CD True
- paa 30 [ZENETN Base DeleteExistinglEs le-17 | SFR-COF = 1.( MAIN CONTROL |
“-.# Data_SFR.mdb Set PDFSF-SIG True
OneTop Set RPFSF-SIG True
| “-ga) Result Value PDOPH-DHRS 0.01
@ Sen.External | Value RPOPH-SIG 0.01
-4 Sensitivity Set %GTRN True
B Sensitivity of Fire I F-AS15A Base | Set GPD-TRAIN-A True |le-17 SFR-CDF = 1.4
| . Sensitivity.xls | DeleteExi_stinuIEs |
&4 Model Set %GTRN True
-~ Fault Tree 32 [ E:8 Base | Set GPD-TRAIN-B True |1e-17 |SFR-CDF = 1.4
- Event Tree | DeleteExistinglEs
_ . Data Set %GTRN True
| Document — ~ ||Set GPD-TRAIN-C True |. .ol nrr ¥
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CDF By MCR Fire of PGSFR

= MCR abandonment

Conditional Probability

Prompt

. - Sequence  Sequence
Suppression  Plant Trip Propagation Beyonc  Control Room q q

Initial Panel Abandonment  Frequency  Number

2.0E-03

1.6E-03 1
8.08E-01
9.98E-01
8.06E-01 2
1.0e+00
5.66E-02 3
3.7E-02 A8k
9.43E-01
T 34%E02 4
M CR Abandonment (Seq. 3) o 5
. o . * -2IE- 1.55E-01
CDF 2pandon) = (IgNition Freq. in Console) * (Prob. of Sequence 3) r
ota 1.00E+00

* (Operator’s Failure to Use Remote Shutdown Panel) * (Failure
of Manually Open of PDRC Damper) ------ (1)

MCR Non-abandonment (Seqg. 4, 5)
CDF o abandon) = (IgNition Freq. in Console) * (1/2) * (Prob. of Sequence 5) * [CCDP(DHRS)
+ CCDP(EPS)] + (Ignition Freq. in Console) * (Prob. of Sequence 4) * [CCDP(EPS + DHRS)]

----- 2)

. If HFE increased by Double
- 13% More Dangerous Wth Doubled Operator Error Prob.
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Table 2. CDF portion of each fire area

F-C303
F-A122B

F-A202B

F-A209A
F-A209B
F-A518B

F-A519B

F-A433B

HEAD ACCESS AREA
CONTAINMENT ANNULUS AREA
Steam Generator room
Steam Generator room
480V CLASS 1E LOAD CENTER & MCC RM
480V CLASS 1E LOAD CENTER & MCC RM

4.16kV CLASS 1E SWGR RM
4.16kV CLASS 1E SWGR RM
AHX RM
FHX RM
FHX RM
SWITCHGEAR ROOM

MCR

1.26E-05
3.54E-04
1.15E-05
1.15E-05
9.50E-04
9.50E-04

1.99E-03
1.99E-03
4.52E-04
4.45E-04
4.45E-04
2.83E-03

ed. re Freq.

4.56E-02 16.55%

2.01E-02
2.05E-02
2.05E-02

7.68E-03
1.02E-02
1.02E-02

7.36%
5.12%
5.12%
5.95%
5.95%

1.25%
1.25%
9.77%
9.76%
12.88%
1.36%

13%
100%
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Results (1/2)

€ Core Damage Frequency (CDF)

— The 3" column (ignition frequency) of Table 2 is derived
by multiplying the small reactor factor (592/1177)

—The 4 column is the ignition frequency caused by the
sodium piping leak.

—Head access area (F-C304)

e CDF portion is 16.55%

 the sodium fire could occur frequently because many sodium piping lines
pass through this area.

—MCR (F-A433B)
. 13%, Eq.(1) + Eq.(2).
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Results (2/2)

€ Sensitivity Analysis

e Different sodium fire ignition frequency
. Sodium piping leakage rate (3.0E-9/ft/h)
. Optimistic: 3.4 Times
51% Safer With Sodium piping leakage rate
e Small Reactor Factor
»  Theequipment number
. PGSFR : commercial NPPs =592 : 1177
- 27% More Dangerous Without Small Reactor Factor

® Operator Error

— Operator’s “Failure to use Remote Shutdown Panel’ and “Failure of Manually Open of PDRC Damper’ in
Eq. (1)

— If HFE increased by Double
-2 13% More Dangerous With Doubled Operator Error Prob.
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Conclusions

= CDF of level 1 fire PSA on PGSFR Is several order lower
than those of commercial NPPs.

* The characteristics of PGSFR are described in this paper;
1) sodium fire ignition, 2) small reactor factor, 3) a
console type MCR and MCR abandonment logic.

*The fire area having the highest CDF portion is where a
lot of sodium piping lines are passing through.

*The next higher CDF portion fire area is MCR.

= The sensitivity analysis that the result of level 1 fire PSA
on PGSFR can be feasible.
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