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Abstract : A new method for injecting cooling water into the Korean research reactor
(KRR) in the event of beam tube rupture is proposed in this paper. Moreover, the
research evaluates the risk to the reactor core in terms of core damage frequency
(CDF). The proposed method maintains the cooling water in the chimney at a certain
level in the tank to prevent nuclear fuel damage solely by gravitational coolant feeding
from the emergency water supply system (EWSS). This technique does not require
sump recirculation operations described in the current procedure for resolving beam
tube accidents. The reduction in the risk to the core in the event of beam tube rupture
that can be achieved by the proposed change in the cooling water injection design is
quantified as follows. 1) The total CDF of the KRR for the proposed design change is
approximately 4.17E—06/yr, which is 8.4% lower than the CDF of the current design
(4.55E—06/yr). 2) The CDF for beam tube rupture is 7.10E—08/yr, which represents an
84.1% decrease compared with that of the current design (4.49E—07/yr). In addition to
this quantitative reduction in risk, the modified cooling water injection design
maintains a supply of pure coolant to the EWSS tank. This means that the reactor does
not require decontamination after an accident. Thermal hydraulic analysis proves that
the water level in the reactor pool does not cause damage to the nuclear fuel cladding
after beam tube rupture. This is because the amount of water in the chimney can be
regulated by the EWSS function. The EWSS supplies emergency water to the reactor
core to compensate for the evaporation of coolant in the core, thus allowing water to
cover the fuel assemblies in the reactor core over a sufficient amount of time.

Key Words : probabilistic safety assessment, core damage frequency, CDF, research
reactor, beam tube rupture, loss of coolant accident
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Fig. 4. Schematic diagram of the EWSS,
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Fig. 9. EWSS fault tree in the original KRR PSA model,
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Fig. 10. EWSS fault tree in the modified PSA model.
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Fig. 11. Event tree for a beam tube rupture in the original KRR
PSA model,
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Fig. 12, Event tree for a beam tube rupture based on the
modified method,
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Table 1. CDF by initiating event based on the original KRR
PSA

1IE CDF % Frequency CCDP
%BT-LOCA” 4.49E-07 9.880 6.85E-06 6.56E-02
%GTRN-AT” 2.75E-08 0.605 565E+00  4.87E-09
%GTRN-MT®  482E-10  0.011 143E+00  3.37E-10
%LOCA? L.90E-09  0.042 9.89E-04 1.92E-06
%LOEP? 3.68E-06  80.877  1.92E+00 1.91E-06
%LOPCS" 1.20E-07 2643 6.20E-02 1.94E-06
%LOSCS? 3.02E-10  0.007 6.20E-02 4.87E-09
%RIAY 8.13E-09 0.179 L67E+00  4.87E-09
%SCFB" 2.62E-07 5757 1.30E-05 2.01E-02
SUM 4.55E-06

a) Beam-tube loss of coolant accident
b) General transient by automatic trip
¢) General transient by manual trip
d) Loss of coolant accident

e) Loss of electric power

f) Loss of primary cooling system

g) Loss of secondary cooling system
h) Reactivity insertion accident

i) Single channel flow blockage

%SCFB
2.62E-

%BT-LOCA

%LOPCS
1.20

Fig. 13. Contribution of each initiating event to the overall CDF
based on the original KRR PSA,
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Table 2. Dominant MCSs from the original KRR PSA results
Value F-V IE BE#1 BE#2 BE#3

367606 0807 %LOEP L cMW . 4LOEP2

320E07 0070 %BTLOCA LoV ABTLOCA:

260B07 0057 %SCFB  SIOUY" 4SCFB4

LIBEO7 0026 %LOPCS 1o VW #LOPCS-2

SIE08 0012 %BTLOCA iV ABTLOCA:

274E08 0006 %BTLOCA [yoYC ABTLOCA

L49E08 0.003 %BT-LOCA Lopvy '~ Loyl ABTLOCA
946509 0002 %LOEP  PUCNOS PECKO. o #LOEP2
730809 0002 %BTLOCA [yrnic ABTLOCA

T07E09 0001 %BTLOCA yoor  ABTLOCA

5.3 HA ekt wE Mztsl Zot

W= ST} IA] HANE 34 B ZabE o] Wy A
Qketo] w2 PSA AFIE Akl en, 11 ANE
Table 3 9 Fig. 149] eIt

Table 3. CDF by initiating event based on the modified method
1IE CDF %

Frequency CCDP

%BT-LOCA 7.10E-08 1.71 6.85E-06 1.04E-02
%GTRN-AT 2.75E-08 0.66 5.65E+00 4.87E-09
%GTRN-MT 4.82E-10 0.01 1.43E+00 3.37E-10
%LOCA 1.90E-09 0.05 9.89E-04 1.92E-06
%LOEP 3.68E-06 88.21 1.92E+00 1.91E-06
%LOPCS 1.20E-07 2.88 6.20E-02 1.94E-06
%LOSCS 3.02E-10 0.01 6.20E-02 4.87E-09
%RIA 8.13E-09 0.20 1.67E+00 4.87E-09
%SCFB 2.62E-07 6.28 1.30E-05 2.01E-02
SUM 4.17E-06

%SCFB  oBT-LOCA,
%LOPCS  2.62E-07 ’

Fig. 14. Contribution to CDF by each initiating event based on
the modified method .
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Table 4. Dominant MCSs from the modified KRR PSA results

Vaue FV IE BE#1 BE2  BEB BB
367606 0880 %LOEP 1o VW HLOEP2
260E07 0062 %SCFB oo’ #SCFB4
LISEO7 0028 %LOPCS FLC¥N #LOPCS2
308 o013 [t CWVE BT
PCCVO-  PCCVO-

9.46E-09 0.002 %LOEP #LOEP-2

FLAPVO3A FLAPV04B
%BT- EWOPV-  #BT-

6.85E-09 0.002

LOCA  LVINI  LOCA2
%GTRN- RPRYW- RRCPA-  RROPV- #GTRN-
H02E09 0001y ARI3B2IB RRS RT  AT4

B A ARk w =
of 4.17E-06/yro™, o]= 528 W74 A HHlo] kifE
R 4.55E-06/yroll HIsf oF 84% gt Aom
Ae it E3E HRE ghekalaLe]] 7113 e qldAdd]
= oF 7.10E-08/yro|w, W7 A mdo] jlFH wich
AbaLe] 7]R1gE W AIEAHIE 449E-07/yro]l B3| oF
84.1% 743t A0 & H7IE| Gtk o]i= Table 2°f gk
Mo A vz ke A B Hadd
5ol Table 40 Yepdl W73 Fgst Aatel=
uehA] o871 o]k
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A& &3l ¥a=8 Fdske 7€ LA 9
e B P EEX L
© & Aljbe] ApolE HAHshr] flsiA KRR =4
SAIE ZuolAe] BlAd s NS eHoR
gristglom, 11 A3E Fig. 159 Yehfdch
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Fig. 15. CDF comparison between current method and proposed
method.
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