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In nuclear power plants the design extension conditions are more complex and severe than
those postulated as design basis accidents, therefore, they must be taken into account in the
safety analyses. In this study, many hypothetical investigated transients are applied on
KONVOI pressurized water reactor during a 6 inches (182 cm?) cold leg small break
loss-of-coolant-accident to revise the effects of all safety systems ways through their availabil-
ity/non-availability on the thermal hydraulic behaviour of the reactor. The investigated tran-
sients are represented through three cases of small break loss-of-coolant-accident as, Case-1,
without scram and all of the safety systems are a failure, Case-2, the normal scram actuation
with a failure of all safety systems (non-availability), and finally Case-3, with normal actua-
tion scram sequence and normal sequential actuation of all safety systems (availability). These
three investigated transient cases are simulated by creating a model using analysis of ther-
mal-hydraulics of leaks and transient code. In all transient cases, all types of reactivity feed-
backs, boron, moderator density, moderator temperature, and fuel temperature are consid-
ered. The steady-state results are nearly in agreement with the plant parameters available in
previous literature. The results show the importance of the reactivity feedback effects in
loss-of-coolant-accident on the fallouts power as they are considered the key parameters for
controlling the clad and fuel temperatures to maintain them below their melting point. More-
over, the calculated results in all cases show that the thermal-hydraulic parameters are in ac-
ceptable ranges and encounter the safety criterion during loss-of-coolant-accident design ex-
tension conditions accidents processes. Furthermore, the results show that the core uncover
and fuel heat up do not occur in KONVOI pressurized water reactor the design extension
conditions simulations, as all safety systems provide adequate core cooling by sufficient water

inventory into the core to cover it.

Key words: loss-of-coolant accident, reactor scram, design extension condition, core uncover,
thermal-hydraulic phenomena, safety injection four-loop of KONVOI PWR

INTRODUCTION

Design extension conditions (DEC) are postu-
lated accident conditions that are not considered for
design basis accidents (DBA), but are considered in
the design process for the facility by best estimating
methodology. The DEC comprise conditions in events
without significant fuel degradation and conditions in
events with core melting, according to SSR-2/1. The
safety of nuclear power plants (NPP) during DEC is
one of the most important topics which must be dem-
onstrated before the issuance of the operating licenses
[1]. One of the DEC events is anticipated transient
without scram (ATWS). An essential emergency core
cooling system (ECCS) is installed to cope with those
types of accidents and prevent their propagation to a
beyond design basis accident (BDBA). Despite the
best estimate codes that are used today in the safety as-
sessment of NPP, the ECCS performance is still as-
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sessed against the same criteria, such as the peak clad
temperature less than 2200 °F (1200 °C), maximum
local clad oxidation less than 17 % and core wide both
the oxidation less than 1 % [2-5].

In the German risk study of loss-of-coolant-acci-
dent (LOCA), the reactor cooling system (RCS) in-
ventory varies throughout events depending on the
number of safety injection pumps (SIP) in operation
and the discharge rate via the break, which is itself a
function of brake size, RCS pressure and coolant con-
dition at the break location. Many transient conditions
in the RCS may temporarily occur in the RCS if the
leakage rate at high pressure is greater than the injec-
tion rates of the safety-injection pumps as a result of a
coolant reduction in RCS inventory. In particular, if
the SIP are postulated to operate at reduced availabil-
ity, the decay heat from the core is then transported to
the steam generators (SG) [6].

A small break is sufficiently large that the pri-
mary system depressurizes to the high pressure safety
injection set point and a safety injection signal is gen-
erated, automatically starting the high pressure safety
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injection (HPSI) system. Breaks smaller than 3/8 inch
in diameter do not depressurize the reactor coolant
system because the reactor charging flow can replace
the lostinventory [7]. The leaks with sizes from 40 cm?
to 380 cm? were judged as not controllable with the
implemented measures of the core cooling systems
and lead to a core melting accident [8]. A simulation of
LOCA has been carried out using the TRACE code to
investigate the effect of reverse flow restriction device
(RFRD) on the flow rate as well as peak clad tempera-
ture of BWR fuel bundles during three different
LOCA scenarios: small break LOCA (25 % LOCA),
large break LOCA (100 % LOCA), and double-ended
guillotine break (200 % LOCA). These results demon-
strated that the user device could substantially block
flow reversal in fuel bundles during LOCA, allowing
for coolant to remain in the core during the coolant
blowdown phase, and showed that it could retain addi-
tional cooling water after activating the emergency
systems, which maintains the peak clad temperature at
lower levels. Also, the RFRD achieved their flood
phase earlier than without the RFRD [9].

In this study, SBLOCA is chosen as a basic tran-
sient with a 182 cm? break, in one of the cold legs. The
transient occurred using investigated transients DEC
that are applied for the reactor safety analyses. In the
safety analyses, the effects of the reactor total reactiv-
ity and the safety injection systems (active and pas-
sive) availability, for the reactor safety during DEC are
studied. The DEC are simulated with and without
scram (ATWS) during SBLOCA. The simulations are
performed for the KONVOI PWR reactor by creating
a new model using ATHLET code [10]. In ATHLET
Model, the neutronic and the thermohydraulic calcula-
tions of the reactor are involved in the steady and the
transient states for the behavior of the reactor core,
over the total reactivity effects.

REFERENCE PLANT

The German 4-Loop PWR (GKN II) type
KONVOI which belongs to the Kraftwerk Union (KWU)
[11] is the reactor selected to study the thermohydraulic
behavior of its core during SBLOCA safety analysis, by
creating a simulation model using AHLET code. In the
model, the fuel type selected to be core contains 193 fuel
assemblies (FA) with thermal power of 3850 MW and
electric power of 1300 MW. Each fuel assembly is ar-
ranged in 16 x 16 arrays and includes 236 fuel rods. The
general information about the reactor, assembly; and fuel
is shown in tabs. 1 and 2, respectively.

THE ATHLET MODEL
Establishing nodalization
The simulated reactor is a generic German PWR

(KONVOI type), which has four loops and produces
1300 MWel of power. During the creation of the

Table 1. General reactor data

Parameter Value

Power [MW] 3850

Mass flow rate [kgs '] 19874

Mass flow rate in core (94 %) [kgs™'] 18682
T-prim out [°C] 326
T-prim in[°C] 290

P-prim [MPa] 15.8

Average FA-power [MW] 19.95
P-sec [MPa] 6.4
T-sec [°C] 262

Table 2. Fuel assmbly features

Parameter FA type
No of fuel assembly 16 x 16 — (20) |18 x 18 —(24)
No of rods per assembly 256 324
Fuelled 236 300
Unfuelled 20 24
Overall assembly length [m] 4.83 4.83
Overall assembly width [m] 2.3-10™ 2310
Rod outside diameter [m] 1.08-1072 9.50-107°

Rod length [m] 4.40 4.40
Pellet length [m] 1.10-1072 9.80-107
Pellet outside diameter [m]| ~ 9.11-107 8.05-107

Pellet density [gem ] 10.45 10.45
Clad thickness [m] 7.25-107* 6.40-107*

ATHLET Model, the four loops are simulated by only
two, three identical loops are represented by intact one
loop and the other loop is the broken loop. Each sepa-
rated loop consists of a steam generator U-tubes that
are connected to the hot and cold legs, which a spray
line at the top of the pressurizer is simulated. The cold
legs are connected to the downcomer of the reactor
pressure vessel (RPV), which lies parallel to the core
channels and the reflector, all connected at the bottom
by the volume of the lower plenum. On top of the core
channels, the upper plenum is simulated, as well as the
connection to the hot legs as shown in the nodalization
scheme fig. 1.

THE REACTOR SAFETY SYSTEMS

The KONVOI pressurized water reactor (PWR)
have two safety systems that are represented in the fol-
lowing two sections:

Passive safety system (hydro-accumulators)

The KONVOI PWR have one passive safety
system which consists of eight hydro-accumulators,
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Figure 1. Graphical representation of the simulated reactor structure with an X indicating the location of the leak

one accumulator for each leg, with a water volume of
45 m? and a set point valve below 2.6 MPa.

Active safety system,
emergency core cooling systems

The reactor has two active emergency core cool-
ing systems (ECCS), high pressure injection system,
(HPIS) and low pressure injection system (LPIS) in the
primary loops that are connected to the cold legs. The
HPIS starts actuation below 11 MPa, with a flow rate of
77 kgs™! per pump where LPIS starts its injection below
1.1 MPa with a maximum flow rate of 325.4 kgs™! per
pump. There is an additional active ECCS called extra
borating system (EBS) modeled with a constant
non-pressure dependent injection mass-flow rate of
2 kgs™! per pump, [11-13]. In the simulation ATHLET
Model, all active and passive injection systems are rep-
resented as fills.

Steady-state safety analysis

For the reliability of code transient simulation, a
Nodalization qualification step is performed. After a
steady-state run that is extended for 300 seconds for the
stabilization of the model results. The calculated values
of the main parameters are compared with the corre-
sponding nominal values of the reference plant [11].

Steady-state conditions for ATHLET
model and TRACE code

The reactor Parameters of the steady-state con-
ditions and the comparison are outlined in tab. 3 and
the difference as a percentage of the reference value is
presented in the last column.

Table 3. The reactor parameters of
the steady-state conditions

Parameter Reference | Calculated | Difference
value [11] value [%]
Reactor parameters
Total power [MW] 3850 3752 054
Core inlet
temperature [°C] 290 291.34 0.238
Core outlet
temperature [°C] 326 325.94 -0.010
Primary pressure
[MPa] 15.8 15.94 0.88
Total coolant flow
rates [kgs '] 8682 1866524 | —0.0897
Steam generator parameters
Steam ﬂolw/SG 512 512.8499 0166
[kgs ]
Steam pressure
[MPa] 6.4 6.3825 -0.27

Comparison of the steady-state
results between ATHLET and TRACE models

Tables 4 and 5 and figs. 2 and 3 show the steady-state
results of the two models (ATHLET and TRACE).

The comparison results outlined in tabs. 4 and 5
and figs. 2 and 3 show that there is agreement between
the ATHLET Model steady-state results with the corre-
sponding published results of the TRACE model [11].

Transients safety analysis
Accidents description and assumptions

The investigated transients for DEC safety analy-
sis are represented with many hypothetical accidents
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Table 4. The ATHLET model steady-state results

Axial nodes Pressure [Pa] Ta [°C] Thiq [°C] T, [°C] Velocity [ms '] | Density [kgm °]
NODEI1 1.599560-10’ 347.4091 291.346 346.5923 4.644351006 744.2761841
NODE2 1.599031-10’ 347.3326 291.3445 347.3326 4.619028091 744.2545166
NODE3 1.598922-10’ 347.3004 294.6073 347.3004 4.57022047 737.9349365
NODE4 1.597376-10’ 347.222 298.9415 347.222 4.611373425 729.2983398
NODES5S 1.595815-10’ 347.1428 304.0352 347.1428 4.666882515 718.7607422
NODE6 1.594240-107 347.0628 309.4505 347.0628 4735877514 706.9955444
NODE7 1.592645-10’ 346.9818 314.7078 346.9818 4.815169334 694.8841553
NODES 1.591038- 10’ 346.9001 319.3903 346.9001 4.895985603 683.3596802
NODE9 1.589434-10’ 346.8185 323.2041 346.8185 4.957458019 673.3207397
NODE10 1.587860-107 346.7384 325.9886 347.4091 4.974225044 665.5239868
NODEI1 1.585420-10’ 346.614 325.9789 346.7384 4.957675934 665.4677734
NODEI2 1.585383-10’ 346.6121 325.9801 346.614 4909605026 665.4630737

Table 5. The TRACE code steady-state results [11]

Axial nodes Pressure [Pa] Tst [°C] Tiiq [°C] T, [°C] Velocity [ms™'] | Density [kgm™]
NODEI 1.594357-107 3472 292.9 3472 4.530 741.0
NODE2 1.59347-107 347.1 295.9 347.1 4.552 743.9
NODE3 1.59258-107 347 299.8 347 4.590 726.7
NODE4 1.59168-10’ 347 304.8 347 4.642 716.2
NODE5 1.59078-107 346.9 310.5 346.9 4.710 703.9
NODE6 1.58986-107 346.9 315.7 346.9 4.792 691.5
NODE?7 1.58894-107 346.9 320.1 346.9 4.878 680.0
NODES 1.58801-107 346.9 3233 346.9 4.961 670.9
NODE9 1.58708-107 346.8 325.8 346.8 4.028 663.7
NODEI10 1.58614-107 346.8 327.1 346.8 4.083 659.4
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Figure 2. Axial pressure

that happen in the KONVOI PWR during SBLOCA to
study the effects of all safety systems throughout their
availability/non-availability on the thermohydraulic
behavior of the reactor. SBLOCA is assumed to occur in
the cold leg of one of the loops as shown in fig. 1. The
break size is a 6 inches in diameter. The transient initial
conditions are represented in tab. 6 while the reactor op-
erates at 100 % of the nominal power.

The investigated transients for DEC safety anal-
ysis are represented with three cases of hypothetical

Figure 3. Fluid temperature

accidents during SBLOCA as the following three sec-
tions:

Case-1: The SBLOCA, without scram and
non-availability actuation of all safety systems
(active and passive)

In this case, SBLOCA with anticipated transient
without scram (ATWS) and without all safety systems
(ECCS and accumulators) is simulated, as DEC is con-
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Table 6. Imposed sequence of events involved
in this transient with their set points

Imposed event Time/set point

Steady-state normal operation [s] 0-50

Break initiation [s] at 50

Pressurizer pressure

Reactor scram signal + DP containment

Reactor coolant pump stop/main

feed water stop Reactor scram signal

Main steam valve closure Reactor scram signal

Low safety injection
start [MPa]

Auxiliary feed water system in the
intact or broken loops start/stop

Pressurizer pressurel.1

LEV-S2DC

High safety injection start [MPa] Pressurizer pressure

11 [MPa]
Accumulator injection start [MPa] Press; %Zﬁ\rd]f,;e]ssure
End of transient [s] 55000

sidered and used the general control simulation mod-
ule (GCSM), which is a part of the ATHLET model in-
put deck [10].

Case-2: The SBLOCA, with scram and nonavailability
actuation of all safety Systems

In this case, SBLOCA with normal scram actuation
through control rods insertion is simulated, with
nonavailability actuation of all the safety systems as DEC.

Case-3: The SBLOCA with reactor scram and
availability actuation of all safety systems

In this case, SBLOCA with normal scram actua-
tion through control rods insertion is simulated, with
the availability of all the safety (active and passive)
systems as DEC.

RESULTS AND DISCUSSION

Comparison between Case-1 and Case-2

The comparison between the results of Case-1
and Case-2 are represented, to show the effect of reac-
tor scram, with and without the availability actuation
of all active and passive safety systems, on the behav-
ior of KONVOI reactor during SBLOCA, DEC.

Comparison of the output scram
signals of the reactor and the pump speed

Figure 4 shows the comparison of the output
scram signals of the reactor for the two cases. In
Case-2 the pumps coast down occurred due to the reac-
tor scram as shown in fig. 5, where the relation of
pump speed with time.

Comparison of the primary pressure
and the thermal core power of the reactor

The primary pressure and the thermal power re-
sults from the two cases comparison are represented in
figs. 6 and 7, respectively.

Figure 6 shows that, after the initiation of the
break which is extended for a period of around 1000
seconds a sharp decrease in the primary pressure in
Case-1 faster than which occurred for the pressure in
Case-2, but after this time the pressure in Case-1 is
higher than in Case-2. These results have occurred al-
though there was no scram of the reactor in Case-1, the
main pumps still running and the availability of the
scram in Case-2 as shown in fig. 6. Moreover, fig. 7 il-
lustrates that in Case-1 the reactor power is decayed
after a period of 247 seconds due to the reactivity feed-
backs (boron, doppler, and coolant) but, in Case-2 the
power is decayed immediately (76 seconds) due to the
reactor scram. At the same time, the two figures show
that in Case-1 the run of the model calculations does
not extend to the end time (5500 seconds) but stops at
3800 seconds, owing to the inability of the model for
no scram.
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Comparison of the maximum
clad temperatures of the reactor

Figure 8 represents the comparison for maxi-
mum clad temperature between the two cases with dif-
ferent run times 2000 seconds and 5500 seconds.

Figure 8(a) shows that after the initiation of break
that is extended to 1800 seconds a slight increase in the
maximum clad temperature in Case-1 lower than which
occurred in Case-2 then it fast increases from 800 sec-
onds to 2000 seconds with the values 300 °C to 760 °C,
respectively. But in Case-2, it starts to increase
sharply from 750 seconds to 2000 seconds with the val-
ues 350 °C to 2500 °C, respectively. The two figures
show that the maximum clad temperatures in Case-1
still increase more than in Case-2. The results, as shown
in figs. 6 and 7, occurred owing to the no scram of the
reactor but the main pumps still running for about (247
seconds) in Case-1 and the availability of the scram in
Case-2. Moreover, fig. 8(b) which the run time is ex-
tended to 5500 seconds illustrates that in Case-1 the
maximum clad temperature kept rising then the model
stopped to fail as discussed in the next section but in
Case-2 the model succeeded in calculation all the run
time with the maximum clad temperature.

Time [s]

Figure 8. Maximum clad temperature with a different
run time

Comparison of the primary
and secondary pressures

Figures 9(a) and 9(b) represent the comparison
of the output primary and secondary pressure between
Case-1 and Case-2.

Due to the availability of the main pumps the
primary pressure remains higher than the secondary
pressure as shown in fig. 9(a). Consequently, the ef-
fectiveness of the SG as a heat sink and the establish-
ment of natural circulation in the primary loop have
continued and the clad temperature reached 750 °C at
1800 seconds. In Case-2 the primary pressure de-
creases gradually and becomes lower than the second
pressure so the SG become inactive, a heat sinks as
shown in fig. 9(b) since the Maximum clad tempera-
ture reached is 750 °C at 1000 seconds.

Comparison of the reactor voids

Figures 10 and 11 show a void formation Case- 1
and Case-2 during depressurization on the primary
side. A void formation in the RPV dome may occur if
the fluid in the RPV, as shown in fig. 10, is still hot and



S. Helmy, ef al.: Analysis of Thermal Hydraulic Behavior of KONVOI PWR ...

Nuclear Technology & Radiation Protection: Year 2021, Vol. 36, No. 1, pp. 1-11 7
2,0x107 12
F = P-PRZ (Case-1) -
e 16x107 === P-S1DOM (Case-1) g 1 7
2 8
> 124107 s -
© [
g s
g 8.0x10° ° o8
U X
E 0.4 ! !
g 5 ' !
£ 40x10 ¥
= oz L1’ AV(PV-COR1 Case-1)
=== AV(PV-COR1 Case-2)
0.0 ]
@ (] 200 400 600 800 1000 0
Time [s] 0 500 1000 1500 2000
Time [s]
2.0x107 . . .
- Ty — Figure 10. Core void fraction
— e
@
S 16x107 === P.51DOM (Case-1) 12
b c
£
a
= 12x107 £
B °
g S 08
3 6 g
E 8-0 * 10 - - e ‘5
; -' - - .- - - . e 4 I 0.6
g
£ 6
T 4.0x10
e = 0.4
0.2 'l AV(PV-COR1 Case-1)
0.0
0 200 400 600 800 1000 e AVPVCOR Qe 2}
b
© Time [s] 0
0 500 1000 1500 2000
Figure 9. Primary and secondary pressure in Case-1 Time [s]
and Case-2
Figure 11. Hot leg void fraction
enters flash evaporation as the RCS pressure drops. It —_—
no longer seems possible that the void expansion in the 5% —T——L—
RPV dome could progress up to the point where the . L '
steam volumes enter the reactor coolant line (RCL) hot 20x10°_{ ====- QICOR (CORESUM, Case-2)
leg as shown in fig. 12. s
. . . =
From the previous figs. 11 and 12, the void is 2 i
formed faster in Case-1, but it reached the max value in %
Case-2 at 688 seconds before Case-1 which the max g .
value of core void takes place at time 1690 seconds. g 10x10
@
g
. . . <
Comparison of the break discharge 5.0 x10°
and the normalized core level for the reactor
Figures 12 and 13 show in Case-1 and Case-2, &
due to the break a large discharged flow out, so the pri- 1500
mary pressure depressurization and the higher of the _5.0x10°

primary coolant temperature, the core collapsed water
level decreases rapidly especially in Case-2 faster than
Case-1 as shown in fig. 13.

Comparison of the core
outlet temperature

Figures 14(a) and 14(b) show the comparison
between the two cases for the core outlet temperature.
In Case-1 where the scenario of the accident is without
scram the main pumps are still running so the core out-
let temperature is safe for 2000 seconds from the tran-
sient time. In Case-2 the core outlet temperature is still

Time[s]

Figure 12. Average mass flow

safe only for 800 seconds, where the pumps are not
running. Figure 15(a) shows that after the initiation of
break and extended for a brief period of around 1800
seconds a small increase of the core outlet temperature
in Case-1 lower than which occurred in Case-2 thatis a
fast increase from 800 seconds until 1800 seconds, but
after this time it started to decrease in case 2. These re-
sults occurred as shown in figs. 6 and 7 and figs. 8(a)
and 8(b) due to the no scram of the reactor and the main
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. Lo ) P for the normalized core level and the maximum clad
which the run time is extended to 5500 seconds illus- . .
. temperature, respectively, are represented in figs. 18
trates that in Case-1 the core outlet temperature kept and 19
increasing until it reached 3800 °C, then the Model Figure 18 shows that in Case-3 the core is fully
stopped to fail as discussed before, but in Case-2 the covered owing to the continuous cold and hot legs in-
Model succeeds in calculation all the run time with the jection of emergency core coolant (ECC), also accu-
maximum core outlet temperature 2500 °C. mulator is activated in the set point of each system dur-
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Figure 17. Core void fraction 120000
F— 1 === MLI(P0-1ACCUC)
ing the SBLOCA, DEC. Consequently, the cladding = ; MLI(PO-1ACCUH)
surface temperatures are reduced as shown in fig. 19. = WLIG- )
2 80000 4 MLI(PO-2ACCUH)
E
Accumulator mass and the break =
and safety system flow rate in Case-3 £ 60000
During Case-3, where the availability of safety 40000
systems, the decrease in the primary pressure occurs
rapidly enough due to SBLOCA for early intervention —
of HPIS, accumulators and LPIS to overcome the break
discharge and the core uncover and heating up occur for
a very short time. Figure 20 shows the decreasing pat- " o 500 1000 1500 2000
terns of the accumulator's inventory during accident Time [s]

time. When the pressure drops below 11 MPa after 9
seconds, the HPI starts automatically and injects water
into the three intact hot legs and the cold leg of the bro-
ken loop. The hydro-accumulator check valves open
below a system pressure of 2.6 MPa, which is reached at
650 seconds after the leak opening, as shown in fig. 20
because the injection rate of the HPI is not sufficient
to overfeed the leakage. After 810 seconds and below

Figure 20. Accumulator's inventory

1.1 MPa, the LPI is started, which then cools the core by
injecting water into both the hot and the cold legs as
shown in fig. 21, the cladding surface temperature is re-
duced in as shown in fig. 19.
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Figure 21. Break and safety system flow rate PCoolant — primary/coolant pressure
NPP — nuclear power plant
PSG — secondary pressure/
CONCLUSIONS pressurfa steam generator
PWR — pressurized water reactor
In this study, ATHLET model for KONvOI | PZR ~ pressurizer
PWR is created to simulate many investigated tran- RCL — reactor coolantline
sient conditions that are more complex and more se- RCS — reactor cooling system inventory
vere than those postulated as DBA, so they are DEC. RHR — residual heat removal ,
The effect of various investigated transient accident RFRD — reverse flow restriction device
conditions has been analyzed in SBLOCA sequence in RPS — reactor protection system
one of the cold legs in different three cases. The three RPV — reactor pressure vessel
cases are considered including SBLOCA as DEC SAM — severe accident management
without scram and all of the safety systems are a fail- SBLOCA -~ small break ,
ure, the normal scram actuation with failure of actua- loss.-of-coolant-acmdent
tion of the accumulators, and ECC, and with normal SBO — station blackout
actuation scram sequence with normal sequential ac- SCRAM — emergency reactor shutdown
tuation of all safety systems. The steady-state results (safety cut rope ax man)
are nearly in agreement with the plant parameters SIp — safety injection pump
available in the literature. Moreover, the results indi- T, - gas f[emperature
cate that the actuation of passive, (ACC) and active T — liquid temperature
Tt — saturation temperature

(HPST and LPSI) safety systems as in Case-3 could
mitigate the accidental consequence of LOCA effec-
tively. Furthermore, the key thermal-hydraulic param-
eters are in the acceptable range and meet the safety
criterion. Since, during the hypothetical investigated
transient accidents process, the core uncovers and fuel
heatup do not occur thus the safety of KONVOIPWR,
during a 6 inches (0.1524 m), cold leg small break
LOCA is verified.

NOMENCLATURE
ACC — accumulator
ATHLET — analysis of the thermohydraulics

of leaks and transients

ATHLET-CD - analysis of the thermohydraulics of
leaks and transients-core degrada-
tion

ATWS — anticipated transient without scram

CDh — core degradation

DEC — design extension conditions

DBA — design basis accidents
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Cansa XEJIMU, Meru KAHIWJI, Axmenq PEOAU

AHAJIM3A TEPMOXHUIPAYINYKOI ITOHAIMAIBA KONVOI PWR
PEAKTOPA TOKOM IPOAY2KEHOI' PAIA

Y HyKJIeapHUM eJIeKTpaHamMa OKOJIHOCTHY IIPOAYKEHOT Pajia CJIOXKEHUJU CY U CTPOXKU Off OHUX KOjU
ce MPEeTIOCTaBJbajy Kao OCHOBHU INPOjeKTHM aKIUIEHTHU, CTOra Ce MOpajy y3eTu y OO3Up y aHanm3ama
6e30eHOCTU. Y OBOM pajy MHOTU XUMOTETUIKY UCTPAKEHNU MIpeJa3Hu Tpolect npuMemyjy ce Ha KONVOI
peaxTopy ca BOJIOM HOJ IPUTUCKOM TOKOM MAJIOr aKIIUAeHTa I'YyOUTKA XJIaAuoLa pajii peBu3nje eeKkaTa CBUX
CYIYPHOCHHMX CHCTEMA IIPEKO HHMXOBE PACHOJIOXKMBOCTH UM HEPACIONOXUBOCTH HA TEPMOXUPAYIHIKO
HOHalllake peakTopa. McrpaskeHn mpeiasHu MPOLECH MTPEACTABILEHN Cy Kao TPpH CiIydaja ryOMTKa XIaguona
ca MaJIMM IIPEeKUA0M pajia: ciaydaj 1 — 6e3 XxaBapujcKor 3aycTaB/batba U CBUM CUTYPHOCHUM CUCTEMHMA Y KBapy;
caydaj 2 — ca HOpPMAJIHMM XaBapUjCKUM 3ayCTaB/balbeM M OTKA30M CBUX CHUTYPHOCHHX CHCTEMa YCIef
HEJOCTYIIHOCTH; ¥ Ha Kpajy, cly4daj 3 — ca HOPMAJHUM PEfOCIE/[OM AaKTHBUpama IpPU XaBAPHjCKOM
3aycTaBlbakby U HOPMAJIHUM CEKBEHIMjaTHIM aKTUBUPAKEM CBUX CUTYPHOCHUX AOCTYIHUX cucTeMa. OBa Tpu
cllyyaja UCTpaKHHMX TpaH3MjeHAaTa CUMYJIMPAHHU Cy CTBApameM MOjeja y3 Kopullhewme KOfa 3a aHallu3e
TepMOXUJpayJIHKe Iypetha v TPaH3MjeHaTa. Y CBUM TPaH3MjEHTHIM CITyuajeBUMa y3uMajy ce y 003up CBe BpCTe
NOBPATHUX PEaKIija, MPUCYCTBO GOpaM IyCTHHA MOJEPAaTOpa, TeMIepaTypa MOAEpaTOpa i TeMmIeparypa
ropusa. Pesynrati cTaCWIHOT CTama Cy IOTOBO y CKIajly Ca IapaMeTpuMa MOCTPOjeHa NOCTYIHUM y
IPETXOJHO] TUTepaTypu. PesynraTu mokasyjy BaXXHOCT e(peKaTa NOBPATHE CIPEre PeaKTHBHOCTH y CIydajy
ryOUTKa XJaguolla Ha TyOMTaK CHAre jep ce CMaTpajy KJby4YHMM IapaMeTpuMa 3a KOHTPOJy TeMIeparype
KOUIYJbUIIE ¥ TOPHBA KAKO OM ce Offp>Kajle UCIOf TauKe Tolbewa. lllTapullie, u3pauyHaT pe3yaTaTe y CBUM
cllyyajeBMMa MOKasyjy jja Cy TEPMOXUAPAYIMUKH IapaMeTpH Y NPUXBAaT/bUBUM OICE3MMA U []a UCIYH-aBajy
KPHUTEPHUjyM CUTYPHOCTH TOKOM aKIUJIEHTa I'yOuTKa XJIainolia y cay4ajy mpoay>KeHor pajia peakropa. [lame,
pesyartatu nokasyjy ia ce y KONVOI peakTopy ca BOfOM Moj] NPUTHCKOM HE 10jaBIbyje BOIOM HENOKPHUBEHO
jesrpo 1 nperpeBame ropusa IpeMa Tezama y IpojeKTHIM CHMYJIalijaMa yCeIoBa IPOfy>KeHOT paja, Oynyhu na
CBHU CYT'YPHOCHU cucTeMu 00e30ebyjy onroBapajyhe xiabeme je3rpa JOBO/LHUM 3aiuxama BOJIe y je3rpy fia ra
HoKpHje.

Kmwyune pequ: akyuoenit 2youilixa xaa0uoua, Xasapujcko 3ayCcillasmare peaxKiiopa, UpooyiceHu
ipojexitiosaru paod, OMIKPUBEHO je3ZPO, TepMOXUOPAYAULKU (heHOMEH, YOpU3Zasarba
yeiiupu-ieitive KONVOI PWR



