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The aim in the present work is to simulate accident scenarios of AP1000 during the small-break loss-ofcoolant accident (SBLOCA) and investigate the performance and behavior of automatic depressurization
system (ADS) during accidents by using MIDAC (The Module In-vessel Degradation severe accident
Analysis Code). Four types of accidents with different hypothetical conditions were analyzed in this
study. The impact on the thermal-hydraulic of the reactor coolant system (RCS), the passive core cooling
system and core degradation was researched by comparing these types. The results show that the RCS
depressurization becomes faster, the core makeup tanks (CMT) and accumulators (ACC) are activated
earlier and the effect of gravity water injection is more obvious along with more ADS valves open. The
open of the only ADS1-3 can't stop the core degradation on the basis of the ﬁrst type of the accident. The
open of ADS1-3 has a great impact on the injection time of ACC and CMT. The core can remain intact for a
long time and the core degradation can be prevent by the open of ADS-4. The all results are signiﬁcant
and meaningful to understand the performance and behavior of the ADS during the typical SBLOCA.
© 2019 Korean Nuclear Society, Published by Elsevier Korea LLC. This is an open access article under the
CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction
A severe accident in a Nuclear Power Plant (NPP) could cause a
great deal of radioactive materials to leak out, which could cause
great economic losses and adverse social consequences. Three severe accidents of NPP have occurred on the road to peaceful use of
nuclear energy, including the TMI-2 (1979), Chernobyl (1986) and
Fukushima (2011) [1]. Thus, it's very important and necessary to
research and evaluate the severe accidents in NPP. At present, the
third generation AP1000 pressurized water reactor (PWR) has been
all operating in China [2].
The ADS is a key measure to decrease the RCS pressure during
the accident in the AP1000 PWR. Thus, the aim of this work is to
investigate the behavior and performance of the ADS and verify the
safety margin during the typical SBLOCA. Many researchers have
studied the ADS of AP1000 by the way of code simulation or
experiment. W.W. Wang et al. [3] analyzed the liquid entrainment
through ADS-4 during a typical 2-in. cold leg SBLOCA in AP1000
and found that the liquid entrainment model had an effect on the
accident sequences. Zhaoming Meng et al. [4] carried out the

experiment research of liquid entrainment through ADS-4 in
AP1000 and found that downstream of the branch of T-junction had
an important effect on the onset entrainment, and liquid crossﬂow
did not seem to affect the onset entrainment. A.K. Trivedi et al. [5]
studied the AP1000 station blackout with and without depressurization using RELAP5/SCDAPSIM and found that there were signiﬁcant differences in the damage progression between the two
cases. Muhammad Hashim et al. [6] evaluated the reliability of
AP1000 automatic depressurization system by GO-FLOW methodology and found that the high reliability of the passive safety system of AP1000 is depend on the full reliability of ADS.
In the present work, the performance and behavior of ADS was
analyzed due to the greatest contribution to decrease the RCS
pressure during accident. Thus, in order to study the behavioral
effects of ADS on the process of SBLOCA, four kinds of accidents
under different assumptions are calculated in this work. The analysis mainly includes the impact on the thermal hydraulic in the RCS,
the impact on the passive core cooling system and the impact on
the core degradation. The results are meaningful and signiﬁcant to
understand the behavior and performance of the ADS in AP1000
plant during accidents.
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2.2. Description of the input model

Fig. 1. Structure diagram of MIDAC code.

2. Method and input model
2.1. Code description
Module In-vessel Degraded severe accident Analysis Code
(MIDAC) [7] has been developed by Xi'an Jiaotong University under
the support of Chinese National Science and Technology Major
Projects. As shown in Fig. 1, there are four main modules in the code,
including core early behavior analysis module [8], core oxidation and
melting module [9], formation mechanism of core debris bed and
cooling module [10] and molten corium in-vessel retention module
[11]. Each subroutine module is coupled with an integrated GUI
environment to realize the visual operation of the severe accident
process analysis and a software analysis platform for severe accident
synthesis is formed. The code with advanced theory and
mathematical-physical models has been validated and could accurately simulate the whole process of a PWR severe accident in the
reactor vessel. The comparative veriﬁcation calculation between the
program and the severe accident programs has been completed by
the program development researchers. More information about the
program can be obtained in the above literatures.

2.2.1. Description of the AP1000
AP1000 is a two-loop, 3400MWt Westinghouse-designed PWR
which is a generation III þ reactor [12]. The development of AP1000
uses many passive concepts such as gravity injection and natural
circulation, which makes the reactor much safer. This type of
reactor is already under construction in several different places in
China [13]. The AP1000 is modeled by MIDAC code on the basis of
the design and operational parameters. In this study, the behavior
and performance of ADS under SBLOCA with some assumptions
were analyzed.
2.2.2. Description of the NPP model
There are two coolant loops, a reactor pressure vessel, a pressurizer and two sets of steam generators in the RCS of this reactor
[14]. For each loop, there are two cold legs and a hot leg. The MIDAC
code simulates the two loops of this plant respectively, and synthesize two cold legs as one to simulate of each loop. Fig. 2 shows
the main system models of the AP1000 plant. There were 14 nodes
of the RCS in the code. The reactor pressure vessel dome is modeled
using four nodes which simulate the upper plenum, the core, the
downcomer and the lower plenum. As for the two coolant loops,
each loop uses ﬁve nodes to simulate a hot-leg, two sides of steam
generator tubes, a cross over leg and a cold-leg respectively. The
passive safety systems including the two CMTs, two ACCs, incontainment refueling water storage tank and ADSs [15] are also
well modeled. There are 10 safety relief valves in the ADS system.
The ADS1-3 including 6 valves are connected to the top of pressurizer and discharge into the IRWST with the description of the
green lines in the ﬁgure. The ADS-4 including 4 valves are connected to the two hot legs in the RCS and discharge into the sump
with the description of the red lines in the ﬁgure. The ADS1-3
mainly opens the valves in the early stage of the accident, and

Fig. 2. The model of main systems of AP1000 NPP.

H. Sun et al. / Nuclear Engineering and Technology 52 (2020) 937e946

939

represented by the 20th axial row and the lower support plate is
the ﬁrst section of the reactor core.
3. Accident description and analysis conditions

Fig. 3. The nodes of the reactor core.

reduces the pressure of the main system. The function of the ADS-4
is to reduce the pressure of the main system in the later stage of the
accident, so that the gravity water injection can be started
successfully.
2.2.3. Description of the core nodes
Fig. 3 shows the nodes of the reactor core in detail. The reactor
core region is divided into 8 radial rings and 20 axial rows in this
study. The 8th ring is the core bafﬂe. As shown in the ﬁgure, rows
1e4 represent the bottom non-active parts and rows 5e19 represent the reactor core active zone. The top non-active dome is
Table 1
Results of the steady-state calculation.
Parameters

Plant design
values

Code calculation
values

Relative error
(%)

Core thermal power(MW)
RCS pressure(MPa)
RCS ﬂow rate(kg/s)
Coolant average
temperature(K)
Vessel inlet
temperature(K)
Vessel outlet
temperature(K)
SG secondary
pressure(MPa)
Steam ﬂow per SG(kg/s)

3400.00
15.50
3408.00
576.10

3400.00
15.41
3422.00
575.13

0.00
0.58
0.41
0.17

552.90

557.45

0.82

595.00

592.81

0.37

5.79

5.81

0.35

943.70

943.70

0.00

To investigate the performance and behavior of the ADS under
the conditions of hypothetical accidents, four types of ADS valves
activation with different conditions are chosen to be analyzed in
this study. The whole process of all accidents are simulated by the
code. Before these accidents calculation, there is a steady state test
for the input model of the plant. The steady state test results are
illustrated in Table 1, which is the comparison between the code
calculation values and the plant design parameters. As shown in the
table, the absolute value of relative error is less than 1%, which
proves that the input model is reasonable and can be used for accidents calculation.
After the typical SBLOCA with 0.003 m2 in the cold leg, the
primary system pressure dropped down quickly because of the
depressurization via the break. Reactor scram occurs in the result of
low primary system pressure (12.41 MPa). When the primary system pressure reached the pressure setpoint (11.72 MPa) for the
“safeguard” signal, the CMT's isolation valves in the passive core
cooling compartment opened and provided coolant to the RPV via
the direct vessel injection (DVI) line. As the depressurization
continued, the loss of coolant and coolant expansion reached the
phase of temporary thermal equilibrium [16]. And this caused a
relatively stable value of saturated pressure in accord with the
highest coolant temperature. The thermal equilibrium would not
last too long due to the loss of the coolant. When the water level of
CMT reached the ADS-1 setpoint corresponding to 67.5% of the CMT
volume, the valves of ADS-1 opened gradually. Later on, ADS-2
valves opened 120 s after the opening of ADS-1 valves. ADS-3
valves were actuated following the opening of previous stage of
depressurization valves after a time delay of 120 s. When the water
level of CMT decreased below the 20% of the CMT volume, the ADS4 valves opened and started to discharge after related time sequences. When the primary pressure was lower than the accumulator pressure (4.83 MPa), the accumulators were active. When
the RCS pressure dropped to the pressure about 0.09 MPa the
higher than the containment pressure, injection from the IRWST
started. As illustrated in Table 2, the protection and safety monitoring system (PMS) setpoints and time delays assumed in the
small break LOCA analysis for AP1000 are taken from the Westinghouse AP1000 Design Control Document. Therefore, in order to
be consistent with the calculation of design accidents, the same
assumptions are adopted in this work.
There are four types of accidents with hypothetical conditions in
this study. The ﬁrst type of accidents is analyzed without the
function of the automatic depressurization system. The types of

Table 2
PMS setpoints and time delay assumption in the analysis.
Function

Setpoints assumed in the analysis

Time delay(s)

Reactor trip on low PZR pressure
“S” signal on low-low PZR pressure
SG main feedwater valves start to close
SG main steam valves start to close
RCPs trip
PRHRS isolation valve starts to open
CMT injection starts
ACC injection starts
ADS-1 valves start to open
ADS-2 valves start to open
ADS-3 valves start to open
ADS-4A valves start to open
ADS-4B valves start to open
IRWST injection starts

12.41 MPa
11.72 MPa
After “S” signal
After reactor trip signal
After “S” signal
After “S” signal
After “S” signal
4.83 MPa
67.5 liquid volume fraction in CMT
70 s after ADS-1 actuation
120 s after ADS-2 actuation
20.0% liquid volume in a CMT and 120 s after ADS-3 actuation
60 s after ADS-4A actuation
RCS pressure 0.09 MPa higher than containment pressure

2.0
0.0
2.0
6.0
6.0
15.0
15.0
0.0
20
0.0
0.0
0.0
0.0
0.0
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Table 3
Assumption for different types.
TYPES

TYPE
TYPE
TYPE
TYPE

1
2
3
4

Assumption
ADS-1

ADS-2

ADS-3

ADS-4

Failed
Available
Failed
Available

Failed
Available
Failed
Available

Failed
Available
Failed
Available

Failed
Failed
Available
Available

2e4 are respectively ADS1-3, ADS-4 and ADS1-4 available during
the accident. The assumptions for different types are shown in
Table 3. These four types are chosen mainly to study the effect of
different stage of ADS valves opening on the process of SBLOCA. The
purpose of this assumption is to study the performance of ADS
valves during accidents and effect on the process of accident.
4. Results and discussion
4.1. Assessment of the MIDAC code
Before starting ADS performance analysis, the program needs to
be evaluated. To assess the effectiveness of MIDAC code, the
simulation results of a LOCA case were compared with calculations
of NOTRUMP and MAAP4 codes for a duration of 3000 s. More
detailed accident information can be found in the open literature
[17]. In this accident, all safety systems were effectively activated.
SBLOCA is simulated under normal operation of all ADS valves in
the fourth type. The main focus of this paper is to study the inﬂuence of ADS on the process of SBLOCA, thus the comparative
calculation is not discussed in detail and only some parameters are
selected to explain, which is unlike the main differences and concerns in Ref. [18].
Fig. 4 shows the pressure of RCS. Once the LOCA occurred, the
pressure of RCS dropped down fast due to the coolant loss via the
break. Then the pressure of the RCS dropped again because of the
opening of the ADS1-4 valves. The pressure transients show a good
agreement between the three codes. Fig. 5 shows the CMT water
ﬂow rate in the one loop. When the pressure of the RCS reached the
setpoint of “S” signal, the isolation valves of CMT opened to provide
coolant to the RCS. In the early stage of the accident, the duration of
CMT ﬂow is longer in MIDAC, and the water consumption in the
CMT is larger. Therefore, the ﬂow duration calculated in NOTRUMP

Fig. 4. The pressure of the RCS.

Fig. 5. The water mass ﬂow rate of one CMT.

after CMT restart will be longer once the accumulator injection ﬂow
stops. Later restart time of CMT in the NOTRUMP code is also one of
the inﬂuencing factors. The CMT ﬂow calculated by MIDAC program
is closer to that calculated by MAAP4. As show in Fig. 6, a large
amount of vapor ﬂowed out the RCS into IRWST compartment via
these valves, which caused the RCS pressure to drop rapidly. When
the RCS pressure reached 4.83 MPa, the valves of ACC started to
open. Fig. 7 shows the ACC water ﬂow rate in the unbroken DVI line.
The calculated water mass ﬂow rate is similar between the MIDAC
and MAAP4 code. The CMT ﬂow was stopped due to the backpressure which was caused by the high accumulator mass ﬂow rate
as shown in Fig. 5. The injection rate of accumulator is mainly
related to the pressure difference between the accumulator and the
main system. Overall, the mass ﬂow rate of ACC calculated by
MIDAC is more consistent with that of MAAP4. In the MIDAC code,
the factors causing pressure reduction due to gas volume reduction
in accumulator are considered, which leads to the pressure difference to decrease. However, In the NOTRUMP program, the calculated differential pressure in the NOTRUMP increases gradually. As
shown in Figss. 4e7, the differences between MIDAC, NOTRUMP
and MAAP4 codes calculations are within the acceptance limits due
to the differences between the three programs in the models.

Fig. 6. ADS1-3 actuation ﬂow rate of vapor.
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Fig. 8. The primary system pressure.

Fig. 7. The water mass ﬂow rate of one ACC.

4.2. Performance analysis of ADS
In this section, four types with different stage of ADS values
activation were analyzed on the base of the typical SBLOCA. The all
types of accident processes calculated for a duration of 100,000 s
are summarized in Table 4 for the simulation results. It can be
concluded from that the opening of different ADS stage has an
important impact on the accident processes.
4.2.1. Thermal-hydraulic analysis of the RCS
Fig. 8 shows the primary pressure of the RCS for all four types. As
shown in the ﬁgure, the pressure of type 1 decreased more slowly
than other three types due to the failure of ADS. For types 1e3, the
more ADS valves opened, the more obvious the depressurization
was. At the end of the calculation, the value of the RCS pressure was
respectively 2.16, 1.89, 1.87, 1.86 bar for type 1e4. The stable pressure of type 1 was much larger than other three types. Thus, the
activation of ADS has a great impact on the RCS depressurization.
The ADS1-3 can reduce the RCS pressure quickly at the early stage
of the accident. However, the ADS1-3 can't decrease the pressure to
a low level. The ADS-4 is effective to decrease the pressure at the
later stage of the accident and it can reduce the pressure to a lower
level than the ADS1-3.
Fig. 9 shows the mass ﬂow rate of vapor (a) and water (b) from
the break for four types. After the SBLOCA started, a large amount of
coolant ﬂowed out quickly from the break and only liquid ﬂow
discharged from the break at ﬁrst for all types. The pressure of the
Table 4
Time sequences of the all simulation results.
Events

Time(s)
TYPE1

TYPE2

TYPE3

TYPE4

Reactor scram
CMT injection starts
Main coolant pump off
ADS stage 1 valves open
ADS stage 2 valves open
ADS stage 3 valves open
ADS stage 4 valves open
Start of IRWST injection
Core exposure
Accumulator empty
Lower core support plate failure

102.1
118.7
118.7
N/A
N/A
N/A
N/A
N/A
2715.9
16718.5
25588.2

102.1
118.7
118.7
777.6
896.6
1016.6
N/A
12490.1
3024.9
1336.4
N/A

102.1
118.7
118.7
N/A
N/A
N/A
2289.8
2387.0
N/A
2575.7
N/A

102.1
118.7
118.7
777.6
896.6
1016.6
2360.3
2368.2
N/A
1336.4
N/A

RCS continued to decrease, thus the water mass ﬂow rate also
reduced. For type 1 and type 3, when the pressure of the RCS
reduced to the saturation pressure of the highest coolant temperature, the pressure was almost constant. As a result, the water mass
ﬂow rate increased rapidly due to the inventory of CMT and ACC
and remained stable for a short period of time for type 1 and type 3.
Meanwhile the vapor produced as above started to ﬂow out the RCS
via the break. The liquid mass ﬂow rate decreased and the vapor
mass ﬂow rate increased rapidly as the RCS pressure decreased. And
then the water and vapor mass ﬂow rate oscillated for the injection
of CMT and ACC. After the exhausting of the CMT and ACC inventory, the water mass ﬂow rate decreased to a small value. For
type 2 and type 4, there is no a relatively stable state with the open
of ADS1-3. Thus, the water mass ﬂow rate decreased continuously
along with the depressurization of RCS.
Fig. 10 shows the gas temperature in SG inlet plenum (a) and the
SG pressure (b) for four types. After the accident, the pressure rose
rapidly due to continuous accumulation of vapor generated in the
SG compartment. For type 1, the gas temperature in SG inlet
plenum was much higher than other three types without long term
cooling in the RV. Thus, the SG continuously produced vapor and
made the pressure rise. When the pressure reached to the 8.0 MPa,
the secondary side main steam power operated relief valves open.
For type 2, the gas temperature dropped more slowly than type
3e4 and the same as the SG pressures. Owing to the gravity injection of IRWST, the water level of RCS reached the elevation of the
base of the coolant loop nozzles, as shown in Fig. 15. The main loop
was act as the heat trap which brought out the heat of the secondary side of SG. Thus, the gas temperature and pressure in the SG
dropped rapidly due to long term cooling for type 3e4.

4.2.2. Behavior analysis of the passive core cooling system
Fig. 11 shows the water ﬂow rate in CMT balance line and Fig. 12
shows the water mass ﬂow rate to RCS of one CMT for four types.
When the pressure of the RCS reached the setpoint of “S” signal, the
isolation valves of CMT opened to provide coolant to the RCS. At the
subcooled blowdown phase, the water ﬂow rate to RCS and in
balance line decreased slowly owing to the relatively stable RCS
pressure. Subsequently, the water ﬂow rate to RCS increased rapidly
due to the depressurization of the RCS. The water ﬂow rate of
balance line increased without the open of ADS1-3 decreased after
the open of ADS1-3. For type 1 and type 3, the CMT water dried up
before the injection of ACC. For type 2 and type 4, the CMT injection
was stopped at 1336.4 s due to the backpressure by the high
accumulator mass ﬂow rate owing to the same injection pipe.
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Fig. 9. The break discharge ﬂow rate of water and gas.

Fig. 10. The gas temperature in SG inlet plenum and the SG pressure.

When the water of ACC was depleted, the CMT started the injection
again.
Fig. 13 shows the water mass ﬂow rate (a) and the water mass
(b) of one ACC for four types. The ACC activation time for four types

was respectively 3188.9, 935.3, 2230.5, 935.3 s. The water injection
rate of type 1 was much slower than other three types owing to the
minor pressure difference. For four types, the ACC drying time was
individually 16718.5, 1336.4, 2575.7 and 1336.4 s. The open of
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Fig. 11. The water ﬂow rate in CMT balance line.

Fig. 12. The water mass ﬂow rate of one CMT.
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ADS1-3 has a great effect on the depressurization at the early stage
of the accident, which also explains that the ADS-4 decreases the
RCS pressure at the later stage of the accident. The open of ADS1-3
leads to the high accumulator mass ﬂow rate at an earlier time.
Fig. 14 shows the water level of the IRWST for four types. For
type 1, gravity water injection didn't work at all due to negative
pressure difference. The effect of gravity water injection was very
low with the open of the ADS1-3 for type 2. It was obvious along
with the open of ADS-4 for type 3e4. Thus, the water level of the
IRWST for type 3-4 decreased a lot with the injection startup and
the water level of type 2 decreased a little. ADS-4 is a key measure
on the effect of gravity injection and the water level of IRWST is
almost not reduced without the open of the ADS-4.
Fig. 15 shows the mixture water level in RV for four types. The
inventory of CMTs and ACCs can't maintain the mixture water level
in RV without the injection of the IRWST for type 1. When the ACCs
and CMTs dried up, the mixture water level of type 2 started up
again with smaller gravity water injection ﬂow. The water level of
type 3 decreased a little after a period of time and increased due to
the IRWST injection with the open of ADS-4. The mixture water
level of type 4 was always maintained at the elevation of the base of
the coolant loop nozzles due to the full depressurization by the
ADS1-4. Thus, the gravity injection began before the water level
decreased below the elevation. For type 1e2, the mixture water
level decreased below the core active area which can cause the core
damage.
4.2.3. Core degradation analysis in the RV
In this section, the impact on the core degradation was analyzed
for type 1e4. Fig. 16 shows the maximum core temperature for all
four types. The core heat-up was exacerbated after the core exposure. The rising rate of core temperature for type 1 was much
slower than type 2 owing to the long time ACC injection as analyzed
in the previous section. The upper core node in ring 1 was invalid as
the molten materials migrated to lower core nodes and the invalid
core nodes were replaced by ﬂuid. As the ﬁgure shows, the
maximum core temperature of type 1 remained high without long
term cooling in the core region. Although gravity injection of type 2

Fig. 13. The water mass and mass ﬂow rate of one ACC.

944

H. Sun et al. / Nuclear Engineering and Technology 52 (2020) 937e946

Fig. 17. The mass of molten material remaining in core region.
Fig. 14. The water level of the IRWST.

Fig. 15. The mixture water level in RV.

Fig. 16. The upper core node temperature in ring 1.

is activated, its maximum core temperature implied that there was
a molten corium pool in the core. For type 3e4, the core node
temperature was maintained at a safe level because there is no core
exposure owing to the earlier IRWST injection due to the function
of the ADS-4.

Fig. 17 shows the mass of total molten core material remaining
in the core region for four types. When maximum core temperature
reached the melting temperature about 2500 K, the core material
began to melt into a mixture of U-Zr-O. Most of the core material
melted of type 1 without cooling in the early stage of the accident
and the molten corium dropped into lower head after the failure of
the core lower support plate. For type 2, the molten core material
increased due to the core degradation and most core materials still
remained in the core region including the molten corium as shown
in the ﬁgure. The molten corium quality of type 2 was less than that
of type 1 due to the early cooling in the core with function of ADS13. There was no molten core material mass of type3-4 because
owing to no core degradation in these two types.
Fig. 18 shows the hydrogen mass production rate (a) and total
hydrogen mass production (b) in the RV. A lager amount of
hydrogen was produced by Zr-water interaction and the reaction of
stainless steel with steam in the process of core oxidation for type 1.
The maximum hydrogen production rate of type 1 is 1.6 kg/s and a
lot of hydrogen could be a threat to the integrity of the containment. As shown in the ﬁgure, hydrogen production was 1225.3,
421.6, 0 and 0 kg for type 1e4 respectively. The ADS1-3 valves
opened lead to earlier depressurization in the RCS, actually, the core
uncovery time of type 2 was earlier than that of type 1 and the less
the hydrogen was produced owing to the earlier cooling of the core.
Fig. 19 shows the mass of core molten material relocation in
lower head for four types. For type 1, the most core materials
relocated into lower plenum owing to the failure of core lower
support plate without the gravity water injection. For type 2, there
was no core materials present in the lower head due the integrity of
the core lower support plate. The molten core materials were all
retained in the core region for type 2 and the core failure nodes
were also replaced by the ﬂuid. For type 3e4, as mentioned above,
there was no molten material in the core region.
Fig. 20 shows the core degradation nodes graph after 100,000 s
for all seven types. For type 1, the most of core materials relocated
into lower head due to the failure of the lower support plate. Thus,
the most core nodes were failed and replaced by the ﬂuid. For type
2, there was a molten corium pool surrounded by crust in the core
center area. The molten cladding and dissolved fuel drained into a
lower core region and a stable molten corium pool was formed. The
molten corium pool was enclosed with the thick frozen oxide crusts
and the coolant can't enter the molten corium pool for cooling.
Subsequently, the core region was cooled for a long time by the
gravity water injection. In this case, the core support plate
remained intact, thus almost no molten materials migrated to the
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Fig. 18. The hydrogen produced in RV.

accident analysis and calculation. The performance and behavior of
ADS was studied during these accidents. Main phenomena were
also analyzed under the assumptions of the accident conditions,
such as thermal hydraulic evolution in the RCS, the effect on the
passive core cooling system and core degradation. The following
conclusions were drawn from these analysis.

Fig. 19. The mass of core material relocated in lower head.

lower chamber. For type 3e4, all core nodes remained intact with
the open of ADS-4. Thus, the open of the only ADS1-3 can't stop the
core degradation. When the ADS-4 opened, the core can remain
intact for a long time and the core degradation can be prevent by
the open of ADS1-4 under the typical SBLOCA. The summary of the
core degradation results for type1-2 is shown in Table 5.
5. Conclusions
The SBLOCA in the cold leg of AP1000 with different assumed
conditions on ADS was simulated and analyzed using new developed MIDAC code in this paper. Comparisons with NOTRUMP and
MAAP4 codes show that the program can be used reliably in

(1) The RCS depressurization becomes faster along with the
more open of ADS valves. The CMT and ACC are activated
earlier and the effect of gravity water injection is more
obvious with the more ADS valves open.
(2) The CMT injection is stopped during the accident due to the
backpressure by the high accumulator mass ﬂow rate owing
to the same injection pipe after the open of ADS1-3. When
the water of ACC is depleted, the CMT starts the injection
again.
(3) The inventory of ACC and CMT can't maintain the mixture
water level in RV without the injection of the IRWST. The
gravity water injection is an effective design to ensure long
term cooling of core. The fewer core nodes are failed with the
more ADS valves inadvertent actuation accident.
(4) The open of ADS1-3 has a great impact on the injection time
of ACCs and CMTs. The effect of gravity water injection is very
low with the open of ADS1-3. The ADS-4 is the decisive
measure to decrease the RCS pressure at the later stage of the
accident.
(5) The open of the only ADS1-3 can't stop the core degradation
under the SBLOCA accident. The mixture water level in RV
still decreases only with the open of ADS-4, thus it is a risk
that the core could be uncovered. The core can remain intact
for a long time and the core degradation can be prevent by
the open of ADS1-4.
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Fig. 20. Core degradation nodes after the simulation.

Table 5
Summary of the core degradation results for type1-2 after the transient.
Type

Maximum hydrogen production rate (kg/s)

Total hydrogen (kg)

Maximum molten mass in the core (kg)

Molten pool radius in the core (m)

1
2

1.608 @ 7829 s
0.637 @ 4722 s

1225.3
421.6

111315.3 @ 25437 s
73361.2 @ 23870 s

N/A
1.57
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