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Many reactor safety simulation codes for nuclear power plants (NPPs) have been developed. However, it is very important to
evaluate these codes by testing different accident scenarios in actual plant conditions. In reactor analysis, small break loss of
coolant accident (SBLOCA) is an important safety issue. RELAP5-MV Visualized Modularization software is recognized as one
of the best estimate transient simulation programs of light water reactors (LWR). RELAP5-MV has new options for improved
modeling methods and interactive graphics display. Though the same models incorporated in RELAP5/MOD 4.0 are in RELAP5-
MV, the significant difference of the latter is the interface for preparing the input deck. In this paper, RELAP5-MV is applied
for the transient analysis of the primary system variation of thermal hydraulics parameters in primary loop under SBLOCA in
AP1000 NPP. The upper limit of SBLOCA (10 inches) is simulated in the cold leg of the reactor and the calculations performed
up to a transient time of 450,000.0 s. The results obtained from RELAP5-MV are in good agreement with those of NOTRUMP
code obtained byWestinghouse when compared under the same conditions. It can be easily inferred that RELAP5-MV, in a similar
manner to RELAP5/MOD4.0, is suitable for simulating a SBLOCA scenario.

1. Introduction

The AP1000 is an advanced NPP. The AP1000 core has
fourteen- (14-) foot active fuel length, rated for a thermal
power of 3400MWt and net electrical power of at least
1117MWe. The core of AP1000 has two loops in the reactor
cooling system (RCS). Each loop comprises one hot leg and
two cold legs. One of the innovative designs of the AP1000
is based on a simple principle for design-basis accident; like
main coolant-pipe rupture, the reactor is designed to attain a
safe shutdown condition without operator intervention and
without the use of AC power or pumps. The AP1000 plant
has a multilayer level of protection against accident (defense-
in-depth), which gives it a low probability of core damage.
The possibilities of containment flooding, pressurization,
and overheating are drastically reduced. The reactor also
has a robust control system and novel design that provide
substantial margins for plant operation before approaching
failure thresholds. As a result of the AP1000 reactor’s passive
safety systems, the need for operator intervention to prevent
accident is not necessary. The passive safety systems operate

based on physical principles which rarely fail, all things
being equal. Due to the fact that the reactor uses less
active systems such as fans, pumps, chillers, or other active
machinery, the reactor is therefore less prone to accident.The
AP1000 reactor’s passive systems include passive core cooling
system (PXS), in-containment refueling water storage tank
(IRWST), passive containment cooling system (PCS), main
control room emergency habitability system, high pressure
safety injection with core makeup tanks (CMTs), medium
pressure safety injection with accumulators, low pressure
reactor coolant make from the IRWST, passive residual heat
removal (PRHRHX), and automatic depressurization system
(ADS) shown in Figure 1 [1, 2].

In the AP1000 reactor, the three main sources of water
provided for cooling the reactor core and decay (residual)
heat removal to avoid core uncover is in-containment refu-
eling water storage tank (IRWST), core makeup tank (CMT),
and the accumulators systems [3].

The two CMTs are slightly raised above the reactor core.
The discharge injection line and an inlet pressure balance
line connect the CMTs to the RCS. The top of CMT is
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Figure 1: AP1000 passive core cooling system.

connected with the cold leg to maintain the CMT pressure
equal to the primary system pressure. The outlet or bottom
part of CMT is connected with DVI line through discharge
line. There are two parallel air operated valves on CMT
discharge line which are normally open and isolate CMT
discharge to DVI line [4]. The main features of the passive
safety system can be divided into the passive containment
cooling system (PCS) with its provider of emergency ultimate
heat sink being the atmosphere and passive core cooling
system (PXS). The PXS is divided into three parts which
are the PRHRS, PSIS, and ADS. The PRHRS, PSIS, and
ADS perform the functions of decay heat removal from
the reactor core, safety injection cooling, and reactor cool-
ing system depressurization, respectively. The passive core
cooling system is located inside the containment, and it is
dependent on subequipment and linked components [5].
One of the subsystems is the passive residual heat removal
heat exchanger (PRHR HX). The PRHR HX consists of C-
shaped tubes used to remove decay heat from reactor core
system during transient or accident situations when there
is a loss of cooling. And it is designed to operate based on
only natural forces such as gravity and natural circulation
[6, 7]. The PRHR HX located inside the in-containment
refueling water storage tank (IRWST) is the major com-
ponent responsible for heat removal and is shown in
Figure 2.

As shown in Figure 3. The passive safety injection system
(PSIS) is employed to removal decay heat from the reactor
core cooling system in cases of accident. It consists of two
pressurized accumulators (ACCs) which provide a very high
flow borated water in a short time after system pressure drops
for a limited duration; two core makeup tanks (CMTs) which
are involved in high pressure safety injection; in-containment
refueling water storage tank (IRSWT) which provides a low
pressure reactor coolant and lower flow but for a much
longer time after pressure decreases to close the pressure of
containment and provides an additional source of water for
long-term core cooling [5, 9, 10].

The design of AP1000 ADS consists of 4-stage depres-
surization valves that are opened sequentially to provide
controlled depressurization of the primary system during
a SB-LOCA process. The ADS consists of two trains of 4-
stage valves. The ADS-1, ADS-2, and ADS-3 are connected
to the pressurizer steam space and the ADS-4 is connected
to the hot legs. The effect of SBLOCA is reduced through
the sequential depressurization of ADS which allows passive
injection from the CMTs, the accumulators, and the IRWST
[5].

RELAP5 plays an important role in the evaluation of
NPPs for various planned and accident conditions. It is
also one of the best estimate programs for LWR transient
hydraulic and thermal analysis code.
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Figure 3: Passive safety injection system [8].

Nowadays, majority of the software applications have
developed graphical user interface (GUI) in addition. With
GUI, the user is able to learn, understand, and use the
application software with ease especially the beginners. GUIs
developed for visualization of the results in the safety analysis
of nuclear related facilities are purposely for computational
fluid dynamic codes, system codes, and severe accident codes
amongst others.The RELAP5 code has beenmade to bemore
interactive and user friendly through some developed GUIs.
As expected, theseGUIs have theirmodels based onRELAP5.

Some of these user aids and interfaces have been cat-
egorized into three which are the input model builders,
transient aids, and postprocessors. Input aids make the
development of an input deck for RELAP5 easy. Some of
the prominent input aids are PYGMALION [11], ATHENA-
Aide [12], TROPIC [13], and SNAP [14] amongst others. The
transient aids such as NPA [15] and RELSIM [16] present
the results graphically and enable the user to interact with

the status of the computations. Finally, the postprocessors,
XMGR5 [17], NPA, and PYGMALION [18, 19], collate and
present the calculations already completed. A detailed listing
of most GUIs and the developed user aid are collated in
different surveys. Specifically, the development of RGUI is
presented in detail in [15, 18–20].

Few decades ago, the United States Nuclear Regulatory
Commission (NRC) mandated the development of GUIs for
all their developed software applications of which RELAP5
code is inclusive. In 1996, Nuclear Plant Analyzer (NPA)
happened to be the foremost of those developed GUI [21]. It
laid emphasis on visualizing reactor coolant behaviors during
a simulated transient.

Based on the way SNAP [22] was designed, safety analysis
has been greatly simplified. It is mainly for creating and
editing inputs for safety analysis codes and suitable for
code coupling. SNAP easily supports many codes like the
CONTAIN [23], COBRA, FRAPCON-3, MELCOR, PARCS,
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RELAP5 [24], and TRACE [25]. Each code is supported by
different plug-ins. The SNAP interactive and postprocessing
capabilities are possible through its animation displays.

Aside SNAP, the RELSIM, is also an advanced interactive
simulator GUI. RELSIM is a commercially available package
being developed byRiskManagementAssociates (RMA).The
combined package, RELSIM-RELAP/SCDAPSIM, is being
used for research and training purposes in institutions of
learning and research centres. It also helps other novice
reactor systems analysts to understand the complexity of
thermal hydraulic and/or reactor systems performance under
realistic and postulated conditions.

RELAP/SCDAPSIMuses developed and validated system
thermal hydraulic, fuel behavior, and severe accident models
by researchers worldwide. This is in combination with a
flexible building block approach to model thermal hydraulic
and reactor systems. In the same manner, RELSIM uses a
building block approach and user defined graphics screens
in combination with the ability to interactively control the
RELAP/SCDAPSIM simulation [26].

In this paper, RELAP5-MV Visualized Modularization
software is presented as one of the best estimate transient
simulation programs of LWR with new options for improved
modeling and integrated graphics displays. The software has
been applied for simulation and analysis of a SBLOCA in one
of the cold legs in nonpressurized side of the primary loop
of AP1000, with 10-inch break size. It is a very convenient
and suitable software for predicting the plant behavior. It
is characterized by a user friendly computer interface for
building system models.

2. RELAP5-MV

RELAP5 is developed by Idaho National Engineering and
Environmental Laboratory (INL) [27].

Since its debut in 1985, when the first RELAP5/MOD2
was introduced, many changes have been made to make the
code more realistic and user friendly, with large range of
analytical capability [28] since it was difficult to simulate
complex phenomena with the old version of code. There
are some challenges when using RELAP5, some of these are
briefly discussed below. First of all, too many components
make it hard and complex for beginners to understand and
make use of RELAP5 due to over ten (10) categories of input
cards with dozens of components. Then editing input cards
by notepad, too many data with complex logic relationship
makes up the input file, which makes it quite hard to modify
and seek specific parameters. Due to lack of visualization,
searching input file for information of equipment becomes a
complicated task.

ARELAP5 problem input deck consists of at least one title
card, optional comment cards, data cards, and a terminator
card. A list of these input cards is printed at the beginning
of each RELAP5 problem. For parameter studies and for
temporary changes, a new title card with the inserted,
modified, and deleted data cards and identifying comment
cards should be placed just ahead of the terminating card [29].

Finally, the complex process of modeling and debugging
of the code is time-consuming and decreases productivity. An

Figure 4: Single volume input display.

attempt to solve these disadvantages led to the development of
the graphical software RELAP5-MV using extensive makeup
language (XML) based on inner kernel model and solver of
RELAP5 MOD 4.0 code. Utilized in actual numerical design
ofNPP, it is proven to raisemodeling efficiencywithRELAP5-
MV.

RELAP5-MV Visualized Modularization software is rec-
ognized as one of the best estimate transient simulation
programs of LWR, in combination with new options for
improved modeling methods, advanced programming, com-
putational simulation techniques, and integrated graphics
displays. RELAP5-MV software is based on RELAP5/MOD
4.0 thermal hydraulic best estimate. It has a visual simulation
interface.

The platform can achieve two modeling objectives: one
is the actual component-based modular modeling method,
namely, the reactor, the steam generator, the pressurizer,
the main pump, steam turbine and heat exchanger, and
other real components. The other is the simplified block
diagram representation of the system components in form of
“control volume” as the basic unit of division and modeling
and, for some special components, the direct application of
the “special model” of the system, such as the main pump
and valves. RELAP5-MV provides two types of modeling
methods: componentmodelingmethod andmodularmodel-
ing method. Component modeling method achieves system
simulation task with experience of analyzing configuration
and operating characteristics of modeling objects.

2.1. Software Interface Design. RELAP5-MV supplies a
friendly human-computer interface through which users
can build a system model more conveniently, rapidly, and
visually. Figures 4–8 show themain interface of RELAP5-MV,
consisting of menu bar, toolbar, design sketch, navigation
tree, component library, outline, and so forth. Functions of
these parts are shown below. The software interface has the
following components: hydraulic model, thermal component
model, control systemmodel, start or close logic signal, point
heap dynamics model, and menu bar and toolbar as shown
in Figure 4. The names and functions of these parts are as
follows:

(i) Menu bar and toolbar: file operation (new, open, and
save files generated byRELAP5-MV, icons adjustment
in interface, RELAP5/MOD4.0 input file generating,
calling RELAP5/MOD4.0 to start simulating calcula-
tion, etc.).
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Figure 5: Main interface of RELAP5-MV.

Figure 6: Single volume parameter input interface.

(ii) Design sketch: graphical module carrier.

(iii) Navigation tree: showing using status of input cards.

(iv) Library: collecting icons of components andmodules,
including component library and module library.

(v) Outline: thumbnail previews.

2.2. Modular Modeling. In order to meet the requirement
of rapid modeling, modular modeling method is supported
in RELAP5-MV, which is suggested to be used by freshman
in RELAP5/MOD4.0 simulation field. Modular modeling
method is a modeling method using device modules in the
module library to build simulation system directly. For the
already prepared NPP devices and modules with standard
structures, functions and operating characteristics are col-
lected in a module library embedded in RELAP5-MV. Filling
in parameters step by step in each device and then connecting
with junctions, simulation system could be established more
rapidly. Thus, modular modeling method is able to act as
one kind of technological means to realize rapid generation,
validation, and assessment of nuclear reactor system design.
During componentmodeling process, different kinds of node
division strategies will be tested to find the optimized one
not only to cover every part and achieve main functions and
performances of the equipment, but to show the static and
dynamic properties accurately by calculation results as well.
In other words, component modeling method is fit for skilled
researchers.

The main interface of the reactor core can be seen in
Figure 5. Input data file will be generated automatically for
RELAP5-MV simulating calculation in background due to
the regulation format with necessary modeling data filled in
the interface according to the prompt.These components are
used in similar manner with other components.

Figure 7: Filling parameters of device.

Figure 8: RELAP5-MV nodalization of AP1000.

Based on the description of each module above, after
inputting and saving the parameters, the “generate input file
(I file)” in the menu bar of simulation is clicked to start
the simulation. One can also generate the current simulation
system executable file, which can be called RELAP5-MOD4.0
calculation. RELAP5-MV interface is quite user friendly.
Other reactor parameters and their respective values can be
selected in the same way as demonstrated above.

2.3. Data Binding Functionality Advantage of RELAP5-MV.
In contrast to the traditional way, users obtain calculation
results given by RELAP5 as the RELAP5 built-in plot func-
tion, data output function, and data extraction with run-
ning strip file are complicated. Unfortunately, that requires
multiple steps and much time while experiences in applying
RELAP5 are needed, and this function is complex to use,
whereas RELAP5-MV builds data binding function, which
makes realizing data extraction and storage convenient.
Key parameters of modules are bound to save in a certain
database, such as pressure of inlet and outlet of core, tem-
perature of core inlet and outlet, nuclear power, reactivity,
pressure of SG inlet and outlet, water level, and pressure of
pressurizer. Data above can be stored directly into database
for system analysis and assessment.

2.4. Modeling of AP1000 RELAP5-MV. A RELAP5-MV
model representing the transient analysis of AP1000 NPP has
been developed, with the primary loop, partial secondary
loop, and the passive safety system components of AP1000
considered. Figure 8 shows a view of the nodalization used
in the simulation. A brief description of the nodalization
scheme is given as follows. The nodalization was qualified as
the results obtained from running the model at steady state
were almost the same as that of the real plant values shown in
Table 2.
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The reactor core is composed of a downcomer connecting
to the lower head and the lower plenum. The fuel parts of
the core are composed of two channels and a bypass region.
Two direct vessel injection (DVI) nozzles are located in the
upper downcomer and safety injection water from CMTs,
accumulators, IRWST, and containment sump is supplied
through the nozzles. Each steam generator model includes a
separator, motor valves, downcomer, boiler, steam dome, and
other essential components. There is a pressurizer connected
to the hot leg of one of the steam generators equipped with
safety relief valves. The action of safety and power operated
relief valve (PORV) are controlled by trips as represented in
the nodalization diagram.The two pumps included in each of
the two loops are identical.

In this study, a small break LOCA is simulated by adding
a trip valve and a time-dependent control volume (TMD-
PVOL) to the broken cold leg in the nonpressurizer side.
The diagram shows the corresponding parts of the source for
system simulation modeling.The parameters on the diagram
can be controlled by the navigation tree on the right side of
the window above. By pointing the cursor to the navigation
tree, the user can enter the required parameters like thermal
properties, editing, and graphics. Building the diagram with
RELAP5 MOD4.0 follows exactly the same rules; the only
difference is just incorporation of the user friendly graphic
interface in RELAP5-MV. The main objective of graphical
user interface (GUI) developed in the present work is to aid
the RELAP user in preparation of input file [30]. RELAP5-
MVcode canmodel the coupled characteristic of the RCS and
the core for loss of coolant accident and operational transients
such as anticipated transients without scram (ATWS), loss of
offsite power, loss of feed-water, and loss of flow.

3. Small Break LOCA Simulation and
Accident Sequence

3.1. Accident Process. In this study, the SBLOCA is simulated
by considering a break in one of the cold legs in nonpres-
surized side of the primary loop. The break size considered
is 10 inches which is maximum size of small break LOCA.
The SBLOCA transient in AP1000 can be characterized into
four (4) different phases which are the blowdown phase,
ADS blowdown phase, natural circulation phase, and IRWST
injection phase. At the start of SBLOCA, the leakage through
the break results in drop of primary system pressure due
to loss of energy and water inventory from the break [5].
During the accident, as the primary system pressure drops to
12.41MPa, the control system automatically actuates the reac-
tor trip. The actuation of reactor trip reduces the core power
to decay heat level. The further primary system pressure
drop generates safety actuation, a safeguard signal known as
“S” signal at 11.72MPa. The actuation of the core makeup
tanks (CMT) and passive residual heat removal (PRHR) heat
exchanger starts immediately after the “S” signal. The main
reactor coolant pumps trip follows the “S” signal after a
short time delay of 6 sec [31, 32]. The natural circulation loop
is established on actuation of core makeup tanks (CMTs).
The CMTs inject cold borated water in the reactor core by
gravity injection and receive hot water through the upper

part of CMTs. The PRHR HX is immersed in the IRWST.
The actuation of PRHR HX established another natural
circulation loop.The hot water fromhot leg enters into PRHR
HX and transfers residual heat to the IRWST and the cold
water is then injected into the primary system through cold
leg. The further drop in the primary system pressure results
in the actuation of two accumulators (ACCs) at 4.82MPa.
The ACCs are filled with cold borated water which is injected
in the primary system through direct vessel injection (DVI)
line. The high accumulator ejection flow rate temporarily
impedes the CMT injection because accumulators and CMTs
are connected on the same DVI line. The AP1000 reactor
is equipped with ADS. The main purpose of ADS system
is to sequentially depressurize the primary system close to
containment pressure and start the IRWST injection. IRWST
injects cold water into the primary system by gravity for long-
term cooling. The actuation of ADS depends on the water
level in CMTs. The AP1000 automatic depressurization is
divided into four (4) stages. The ADS stage 1 actuates when
water level in either of the CMTs drops below 67.5%. Stages
two (2) and three (3) are designed to actuate at the specified
time delay following ADS stage 1 [7]. The protection and
safety monitoring system (PMS) set points and time delay
assumed in the SBLOCA analysis for AP1000 are listed in
Table 1.

4. Results and Discussion

4.1. Steady-State Results. The steady-state analysis of AP1000
reactor is performed in RELAP5-MV by using AP1000
model as described in previous section. The comparison of
the steady-state results obtained by the RELAP5-MV code,
RELAP5 code, and the actual parameters of the AP1000
reactor is presented in Table 2. It can be seen from the table
that the calculated values are in close agreement with the
actual AP1000 parameters.

4.2. SBLOCA Analysis and Comparison of Results Obtained
from RELAP5-MV with NOTRUMP Code. In this work, 10-
inch small break LOCA is simulated by using the RELAP5-
MV in a cold leg of AP1000 in nonpressurizer loop. Table 1
presents the actuation set points of safety system during the
small break LOCA.

The results obtained using RELAP5-MV and that by
Westinghouse NOTRUMP code in addition to the results
obtained using RELAP5 code were compared in Table 3
[7, 33]. The calculated results show that the safety system
actuation time sequence is closely related to the results of
NOTRUMP code as shown by small differences in the values
obtained.

The results obtain from SBLOCA analysis using RELAP5-
MV code in graphical form are compared with the Westing-
house results obtained through 10-inch small break LOCA
analysis using NOTRUMP code. As the LOCA starts, the
primary system pressure drops due to break flow. The break
flow causes mass and energy loss from primary loop and
the primary system starts decreasing causing actuation of
safety systems.With the actuation of all passive safety systems
and ADS stages, the primary system finally attains the
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Table 1: AP1000 safety system actuation set point during SBLOCA [5].

System/function Actuation set points Time delays (sec)
Reactor trip 12.41MPa 2.0
“S” signal generation 11.72MPa 2.0
SG feed-water control valves start to close After reactor trip signal 3.2
Main steam isolation valves start to close After “S” signal 4.8
Reactor coolant pumps trip After “S” signal 6.0
PRHRS isolation valve starts to open After “S” signal 0.0
CMT actuation After “S” signal 0.0
Accumulator actuation 4.83MPa 0.0
ADS-1 actuation After CMT water volume reduces to 67.5% 20.0
ADS-2 actuation 70 s after ADS-1 actuation 30.0
ADS-3 actuation 120 s after ADS-2 actuation 30.0
ADS-4A actuation 20.0% liquid volume fraction in CMT 2.0
ADS-4B actuation 60 s after ADS-4A actuation 2.0
IRWST injection Pressure < 89.6 kPa + the containment pressure 2.0

Table 2: Steady-state calculated results of AP1000 obtained by the RELAP5-MV.

Parameters RELAP5-MV results Actual value [7] RELAP5 value [5]
Core thermal power (MW) 3415.00 3400.00 3483.30
RCS pressure (MPa) 15.60 15.52 15.52
Vessel inlet temperature (K) 553.90 553.82 553.85
Vessel outlet temperature (K) 595.00 594.26 594.29
Vessel average temperature (K) 585.00 574.04 574.07
SG secondary pressure (MPa) 5.61 5.61 5.61
SG feed-water temperature (K) 499.83 499.82 499.82

containment pressure and results in actuation of IRWST.The
pressure drop during small break LOCA calculated from
RELAP5-MV and NOTRUP is given in Figures 9 and 10,
respectively. In such a way the system pressure drops to near
atmospheric pressure. Finally, the system pressure becomes
stable until the end of the transient. The general trend of
the system pressure depressurization is in a good agreement
between the RELAP5-MV and NOTRUMP code used by
Westinghouse.

During primary system pressure drop, the reactor scram
initiated as the primary system pressure drops to 12.41MPa
and reactor power reaches decay heat level. Figure 11 shows
the nuclear power during small break LOCA. The “S” signal
is generatedwhen primary system pressure reduction reaches
11.72MPa. The generation of “S” signal actuates the injection
through CMT and PRHR HX.

The reactor coolant pumps stop with a short time delay
after “S” signal generation which results in reduction coolant
flow through the break.

After a short delay, the “S” signal trips the reactor coolant
pumps. This reduces coolant loss through the break.

The break flow rate during small break LOCA as obtained
throughRELAP5-MVandNOTRUMP is shown in Figures 12
and 13, respectively. The break flow is usually of two phases:
the subcooled blowdown phase and the two-phase blowdown
phase. The former is at the onset of the accident and it is
characterized by decreasing pressure to the saturation pres-
sure with a high break flow rate and remains only for a short
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Figure 9: RCS pressure transient (RELAP5-MV).

time while the latter decreases the reactor coolant pressure
and lasts for the remaining time of the accident [34, 35].
The results are nearly similar. However, the slight differences
observed in the graphs are probably due to differences in
models on which the codes are based, nodalization schemes
adopted, and underlining assumptions made by the authors.
It is obvious from the results that the actuation of CMTs and
accumulators causes rapid increase in break flow.
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Table 3: Sequence of events during 10-inch SBLOCA in AP1000 by RELAP5-MV and NOTRUMP.

Event REALP5-MV NOTRUMP [7] RELAP5 [5]
Break opens 00.0 00.0 00.0
Reactor trip signal 5.5 5.2 4.7
“S” signal 8.0 6.4 6.5
Main feed isolation valves begin to close 8.2 8.4 7.9
Steam turbine stop valves close 9.8 11.2 11.4
Reactor coolant pumps start to coast down 12 12.4 12.5
Accumulator injection starts 94 85.0 106.6
Accumulator-1 empties 440 418.2 385.4
Accumulator-2 empties 442 425.5 390.0
ADS stage 1 732 750.0 728.8
ADS stage 2 802 820.0 798.8
ADS stage 3 922 940.0 918.8
ADS stage 4 1181 1491.0 41284
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Figure 10: 10-inch Cold Leg Break, RCS pressure (NOTRUMP
code) [7].
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Figure 11: Nuclear power.

The actuation of CMT results in injection of relatively
cold borated water into the primary system.The upper part of
CMT is connected with one of the cold legs and the relatively
hot water is collected into the CMT from cold leg and a loop
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Figure 12: Liquid break discharge flow rate.
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Figure 13: 10-inch liquid break discharge (NOTRUMP code) [7].

is established due to natural circulation flow. This natural
circulation flow through CMT is called recirculation mode
[10]. Similarly, the IRWST actuation also causes a natural
circulation flow. The heat of hot coolant is transferred to the
IRWST and the relatively cold and heavier water is injected
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Figure 14: PRHRS heat removal rate.
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Figure 15: PRHRS heat removal rate from NOTRUMP code [5].

into the primary system. The CMT draining mode will start
when the hot coolant collection stops at the top of the CMT
[36]. Figures 14 and 15 show the PRHRS heat removal rate.
The heat removal rate through PRHR HX reduces during
LOCA due to reduction in flow through the PRHR HX. The
results of RELAP5-MV and NOTRUMP are nearly similar
as shown in Figures 14 and 15. However, the difference in
results may be due to the different solution methodologies
adopted in both software systems, that is, RELAP5-MV and
NOTRUMP. The difference may also be caused by difference
in nodalization schemes. As described earlier, the CMT
recirculation mode is converted to CMT draining mode
when the water level in the line connecting the cold leg and
upper part of CMT starts draining. The CMT draining mode
causes the reduction in CMT level. The actuation set point
of ADS stage 1 is related to the CMT level and reduction in
CMT level actuated the automatic depressurization system.
Comparison of CMT flow rate obtained from REPLAP5-MV
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Figure 16: CMT-1 injection rate.
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Figure 17: 10-inch Cold Leg Break: CMT-1 (NOTRUMP code) [7].

0 1000 2000 3000
0

50

100

150

200

M
as

s fl
ow

 ra
te

 (k
g/

s)

Time (s)

Figure 18: CMT-2 injection rate.

and NOTRUMP code is shown in Figures 16, 17, 18, and 19.
The qualitative difference observed for the CMT-2 injection
flow is as a result of the differentmethodologies the two codes
are based upon. Comparison is made between NOTRUMP
and RELAP5-MV with the same experiment, that is, 10-inch
LOCA in cold leg. The results are compared. The trend is
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Figure 19: 10-inch Cold Leg Break: CMT-2 (NOTRUMP code) [7].
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Figure 20: Accumulator-1 injection rate.

similar; however, there may be difference in the values due to
different codes, different nodalization scheme, and necessary
assumptions made by the authors.

The accumulator injection starts when the primary sys-
tem pressure reduces to 4.83MPa. The accumulators also
inject relatively cold borated water into the reactor core
through direct vessel injection line. ACCs and CMT are con-
nected to the DVI line, and the relatively high accumulator
flow temporarily reduces the CMT flow due to back pressure
[10, 37, 38].The calculated results throughRELAP5-MVshow
that the accumulator injection starts at 𝑡 = 94 sec and the
accumulators become empty at around 𝑡 = 440 sec as shown
in Figures 20, 21, 22, and 23 [38]. The sudden increase at first
and then decreasing trend of flow through the accumulators
as displayed in the above-mentioned figures is because of
the pressure difference between the accumulator compressed
gas and the primary system pressure [5]. ACC and CMT
are connected on the same DVI line. Therefore, the flow
through CMT and accumulator affects each other’s flow. The
oscillation in accumulator flow may be due to back pressure
exerted by CMT flow and vice versa.

The actuation of ADS stages start when the CMT water
level reaches 67.5%. The ADS actuation causes the further
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Figure 21: 10-inch Cold Leg Break: Accumulator-1 (NOTRUMP
code) [7].
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Figure 22: Accumulator-2 injection rate.

rapid reduction in primary systempressure.Theflow through
ADS stages is given in Figures 24, 25, and 26. The discharge
flow is higher in ADS stages 2 and 3 as compared with the
ADS stage 1 due to relatively large diameter of ADS stages 2
and 3 [7]. The calculated results show that the ADS stage 1
actuates at 𝑡 = 732 sec and the ADS stages 2 and 3 actuate at
𝑡 = 802 sec and 𝑡 = 922 sec, respectively.

The further reduction in CMT level causes the actuation
of ADS stage 4 at 20% CMT level. The simulated results
show that the ADS stage 4 is actuated at around 𝑡 =
1181 sec. The flow rate through ADS stages 4A and 4B
obtained through REPA5-MV is given in Figures 27 and 28,
respectively. The flow rate through ADS stage 4 as calculated
by Westinghouse and mentioned in AP1000 design control
documents is shown in Figure 29. The comparison of ADS
stage 4 results indicates that both codes, that is, RELAP5-MV
and NOTRUMP, provide similar results.

The actuation of ADS stages causes effective and more
rapid primary system depressurization and reduces the pri-
mary system pressure to the containment pressure and the
gravity driven IRWST injection starts.The large water storage
in IRWST results in core cooling for longer period of time.
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Figure 23: 10-inchAccumulator-2 injection rate (NOTRUMP code)
[7].
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Figure 24: ADS-1 discharge flow rate.
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Figure 25: ADS-2 discharge flow rate.

The fuel rod temperatures are important to monitor
during LOCA. The cladding inner wall temperature during
small break LOCA sequence is shown in Figure 30 as
calculated through RELAP5-MV. After reactor shutdown,
the cladding temperature reduces continuously due to no
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Figure 26: ADS-3 discharge flow rate.
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Figure 27: ADS-4A discharge flow rate.

stoppage of fission chain reaction and effective heat removal
by actuation of passive safety systems.

The analysis and comparison of simulated results
obtained from RELAP5-MV show that the code is capable
of simulating the plant behavior appropriately during small
break LOCA similar to NOTRUMP.

5. Conclusions

RELAP-MV Visualized Modularization software is recog-
nized to be one of the best estimate transient simulation
programs of light water reactor as it has new options for
improved modeling methods, advanced programming, com-
putational simulation techniques, and integrated graphics
displays.

In this study, RELAP5-MV is applied for simulation and
analysis of the thermohydraulic behavior and operation of
passive safety systems.

The SBLOCA is simulated in one of the cold legs in
nonpressurized side of the primary loop, with 10-inch break
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Figure 28: ADS-4B discharge flow rate.
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Figure 29: 10-inch Cold Leg Break: ADS-4 (NOTRUMP code) [7].
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Figure 30: Temperature on the cladding inner wall.

size. The results and accident sequence are compared with
that of NOTRUMP code as obtained by Westinghouse.

The RELAP5-MV results are in good agreement with that
of NOTRUMP code. Based on the results obtained, RELAP5-
MV predicts the plant behavior correctly. RELAP5-MV is

able to simulate a SBLOCA scenario in a similar manner to
NOTRUMP code.

RELAP5-MV has a friendly human-computer interface
through which users can build a system model more con-
veniently, rapidly, and visually. It also makes simulation
of nuclear power systems easier and convenient for users
most especially beginners. Finally, with RELAP5-MV the
generation and modification of input file are made very
simple.
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