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1. Introduction

The NRC performed the state-of-the-art reactor
consequence analyses (SOARCA) project to develop
best estimates of the offsite consequences for potential
severe reactor accidents for two pilot plants: the Peach
Bottom Atomic Power Station and the Surry Power
Station [1]. The short-term station blackout (STSBO)
and long-term station blackout (LTSBO) were identified
as one of major groups of accident scenarios for
analysis. Both types of SBOs involve a loss of all
alternating current (AC) power.

SOARCA-like analyses, which were limited to
accident progression except offsite consequences, were
performed for OPR-1000 PWR. This paper illustrates
the preliminary assessment for the mitigative
effectiveness of external cooling water injection
strategies using fire trucks during the potential extended
station blackout accident

2. Analysis Methodology

The analyses consider several types of mitigation
measures, including those specified in emergency
operating procedures (EOPs), severe accident
management guidelines (SAMGs), and the additional
equipment and strategies required by the national
actions taken in Korea after Fukushima accident. One of
the post-Fukushima actions to cope with a station
blackout accident is to supply makeup water using fire
trucks into the steam generator or the reactor coolant
system.

The mitigative measures for the secondary heat
removal during SBO accident are atmospheric dump
valves (ADV) and fire trucks. Meanwhile, the mitigative
measures for the water injection into a reactor coolant
system (RCS) are safety depressurization systems (SDS)
and fire trucks.

For the simulation of an SBO, all the emergency core
cooling (ECC) systems, auxiliary feedwater (AFW)
systems except for the turbine driven pump (TDP), and
the containment spray are assumed to be inoperable.
The STSBO also involves the loss of turbine-driven
auxiliary feed water (TD-AFW) systems through loss of
direct current (DC) control power or loss of the
condensate storage tank and therefore proceeds to core
damage more rapidly. In the LTSBO, the secondary heat
removal using atmospheric dump valves (ADV) and

TD-AFW is assumed to be available during 4 hours
initially with battery power.

The analyses were performed with MAAP computer
code version 5.02. The MAAP code is a system level
computer code capable of performing integral analyses
of potential severe accident progressions in nuclear
power plants, whose main purpose is to support a level
2 probabilistic safety assessment or severe accident
management strategy developments. The code allows
operator interventions and incorporates these in a
flexible manner, permitting the user to model operator
behavior in a general way. The Korean standardized
nuclear power plant, the OPR-1000, has been selected
as a reference plant for this analysis.

3. Analysis Results
3.1 Results of Short-term SBO

For the unmitigated STSBO, core uncovery may begin
at about 2 hours, and reactor vessel failure begins at
roughly 7 hours. In this case, hot-leg ruptures at about
3.4 hours and the inventory of safety injection tank is
injected as soon as the hot-leg has ruptured. The
assumptions of cases and calculation results of the
timing of key events for the SG injection and the RCS
injection using fire trucks are summarized in Table 1
and Table 2, respectively.

3.2 Results of Long-term SBO

For the unmitigated LTSBO, core uncovery may begin
at about 10.2 hours, and reactor vessel failure begins at
roughly 16.9 hours. In this case, hot-leg ruptures at
about 12.7 hours and the inventory of safety injection
tank is injected as soon as the hot-leg has ruptured. The
assumptions of cases and calculation results of the
timing of key events for the SG injection and the RCS
injection are summarized in Table 3 and Table 4,
respectively.
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Table 1: Analysis results for the case of SG injection using fire truck in short-term SBO

Assumption Calculation Results (Event Summary, hours)
ADV open ADV Corium
= PSV n SG Core : SIT RV Hot leg
ST Opening opening Core melt relocation . .~ . :
qID # of ADV ~00 0 open time _ Makeup uncovery into L4 injection  failure rupture
STU-base N/A N/A 1.07 N/A N/A 199 3.16 545 343 7.06 342
STM1-1ADV- no no no no
PSVO05 L PSV open| 1.07 1.16 118 uncovery no melt relocation 1033 failure rupture
STM1-1ADV- PSV open no no no
PSV60 1 +1 hr 1.07 2.07 210 2.00 no melt relocation 841 failure rupture
STM1-1ADV- PSV open
PSV120 1 +2 hr 1.07 3.07 3.10 2.00 3.13 6.49 3.50 7.96 3.49
STM1-2ADV- PSV open
PSV120 2 +2 hr 1.07 3.07 3.10 2.00 3.13 7.14 3.90 9.27 3.90
Table 2: Analysis results for the case of RCS injection using fire truck in short-term SBO
Assumption Calculation Results (Event Summary, hours)
S OPET PaV sDs Core Core Hotleg sIT b aRiD RV
Fpenes S Al Opening openin opening  uncowv melt start rupture injection mEESUR s aeatinn failure
D S5DS time P g P g ey B 3 start into LH
STU-base [P i Ft MA 199 3.16 3.42 343 PAA 545 706
e 1 P SV 110 1.74 2.23 e 221 743 6.61 i
1sSDso0 SER=E j ’ ) rupture ’ ’ . failure
i P =
S g =V open 210 200 | ro melt ny =3 8 5.4 Lo o
25DS60 +1 hr 107 rupture relocation  failure
Z B
RN g [E z.10 2.00 .04 e z.26 6.61 679 oy
25Ds120 +2 hr rupture failure
! P o
it B[R 410 2.00 304 276 577 z78 e i
25Ds180 +3 hr relocation  failure
Table 3: Analysis results for the case of SG injection using fire truck in long-term SBO
Assumption Calculation Results (Event Summary, hours)
Carium
SR omen PV ADV 5G Core  Core melt Hotleg ST i RV CTMT
Sequence . Opening : k L Relocation . i il
£ of ADV : open opening makeup  uncovery start rupture  injection 2 ailure ailure
1D time i S into LH
LTU-base M/A MN/A 96 M/A NZA 102 123 127 127 147 169 1093
LTM1-1ADY no no no no no
BSOS 1 PEY gpen 9 a7 o uncovery 0 et rupture 15 relocation  failure  failure
LTM1-1ADY PS5V cpen 5 ne ne no Ne
1 2.6 10.6 10.1 103 no melt 164 ' i :
-PSVB0 +1hr rupture relocation  failure  failure
LTM1-1ADY PSW open =
A & oL 2R
poviag 1 L ahr 9.6 126 127 103 12. 127 127 16.7 185 11386
Table 4: Analysis results for the case of RCS injection using fire truck in long-term SBO
Calculation Results (Event Summary, second]
SPS i
. o'z)e” - psv sDS e et Lot ey sIT mg{f‘fup S
O pening < 2 o - -
SquuDence cDs e opening ©Opening uncovery start rupture Injection T Tiber LH failure
LTU-base MN/A M/A 2.6 M/A 104 1215 G L 27 MNAA 5.3 170
LTM2-15D no ' - no
s00 1 PSV open 9.6 9.6 10.0 161 rupture 10.4 18.6 106.0 Eaiiliope:
LTh2-25D PSV open 2 no - = no no
S120 = +2 hrs 9.6 T8 103 it rupture = L relocation  failure
LTM2-25D PSV open P no ne no
S180 2 +3 hrs 26 126 104 e rupture 128 e relocation  failure
LThZ2-25D PSSV open no no
5300 = +5 hrs 2& 138 10 s 127 L7 Lhe relocation  failure




