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ABSTRACT

The simulation of the Emergency Core Cooling System for a 900 MW nuclear power plant

has been developed by using object oriented programming language. It is capable of generating code

that executes in real-time on a PENTIUM 100 or equivalent personal computer. Graphical user

interface ECCS screens have been developed using LabVIEW to allow interactive control of ECCS.

The usual simulator functions, such as freeze, run, iterate, have been provided, and a number of

malfunctions may be activated.

A large pipe break near the reactor inlet header has been simulated to verify the response of

the ECCS model. LOCA detection, ECC initiation, injection and recovery phased are all modeled, and

give results consistent with safety analysis data for a 100% break. With stand alone ECCS simulation,

the changes of flow and pressure in ECCS can be observed. The operator can study operational

procedures and get used to LOCA in case of the LOCA. Practicing with malfunction, the operator will

improve problem solving skills and gain a deeper comprehension of ECCS.
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INTRODUCTION

A large pipe break in primary heat transport system (PHT) in CANDU-9 nuclear power plant

can cause a severe accident. As soon as the break occurs, the reactor power increases rapidly because

of positive void reactivity. This increase during blowdown period is arrested by fast reactor trip .

However, the heat buildup after reactor trip still continues. Due to loss of coolant in heat transport

system, the fuel sheath temperature rises. Ultimately, it would induce core meltdown in the reactor. To

refill the fuel channels and remove residual heat from the reactor fuel, Emergency Core Cooling

System (ECCS), one of four safety systems in a CANDU-9 nuclear power plant, will be initiated after

receiving Loss Of Coolant Accident (LOCA) signal. Mistakes made by human error or equipment

failure in any stages of ECCS may trigger huge disaster in nuclear power plant. For example, if gas

isolation valves cannot be open when LOCA signal is generated, the differential pressure between

ECC and PHT is not adequate to burst rupture disks. Therefore, there is no flow to refill fuel channels.

To evaluate ECC operating procedure, to observe the response of the parameters, and to

improve the operator skill solving the unexpected problems, the simulation of the Emergency Core

Cooling System (ECCS) in CANDU-9 nuclear power plant has been developed by using a simulation

development system, CASSIM. A large break pipe near Reactor Inlet Headerl (RIH1) has been

simulated. The graphic user interface has been developed as well to communicate interactively with

user.

SIMULATION METHOD

The simulation of the emergency core cooling system, which is shown in Figure 1, for a 900

MW CANDU-9 nuclear power plant has been developed using an object oriented programming

language. First, the process equipment was modeled to represent the equipment after the scope and

description for ECCS has been defined. Then the hydraulic network model was built to represent the

dynamic flow and pressure in the system. Figure 2 shows one example of nodal diagrams namely

NHR. These two models were merged together to form a working model. After that, the control
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system model was added to the working model. To observe the power change during the break,

neutronic model was created. Moreover, thermalhydraulic model was built to observe the fuel sheath

temperature. Finally, the graphical user interface screens were built with LabVIEW to display the

necessary parameters; flow rate, pressure, temperature and to control any equipment by operator.

Figure 3 shows ECCS user interface.
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Figure 1 Emergency Core Cooling System'[21

COMPUTER CODE

The thermalhydraulic of primary and ECCS circuits are simulated by using the computer

code, CASSIM. CASSIM is made up of a dynamic linked library (DLL) of generic algorithms,
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consisting of supporting FORTRAN subroutines. Generic software algorithms are developed

corresponding to physical plant components such as a process, a logical unit, or equipment ( e.g.

valve) .
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Figure 2 Nodal diagram for NHR.
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CASSIM is a simulation development system based on three components:

-CASSBASE: the database engine which is used to manage the library of generic algorithms, and to

connect the blocks in a model together. Moreover, it is also used to manage the hydraulic flow

networks.

Figure 3 ECCS user interface
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-CASSENG is the real-time simulation run-time engine. It is used to make a calculation from the

model data file. The simulation can be controlled by using command such as "freeze", "iterate",

"run". CASSENG supports Dynamic Data Exchange (DDE), so that Lab VIEW is used to represent

the plant's simulated data via its graphical user interface.

-LabVIEW is the user interface development environment for the purpose of developing user-friendly

graphical user interfaces for simulator applications. Graphical screens with buttons, icon symbols,

pop-up dialog, etc. can be created using LabVIEW for Windows. Through either DDE or TCP/IP,

user interface screens request data from the simulation running in CASSENG for display and

monitoring.

SIMULATION RESULTS

From the ECCS model, the simulation is run at 100% full power in steady state condition.

Fuel sheath temperature in channel #1,2,3,4 is 310.64, 310.68, 310.74, 310.68 c , respectively. The

pressure at ROH1 and ROH2 is about 10000 kPa. These fuel sheath temperature and ROH pressure

are approximately the same as the values from existing CANDU-9 simulator. Then the malfunction

button is push to insert 100% pipe break malfunction. The major event sequence for this break is

shown in Table 1.

Table 1 Event sequence for 100% break near RIH1

Event

Break initiation

Reactor trip

LOCA signal

Open gas isolation valves and RWT valves

Rupture disc RD1 bursts

Rupture disc RD2 bursts

Rupture disc RD3 bursts

Rupture disc RD4 bursts

Rupture disc RD5 bursts

Rupture disc RD6 bursts

Start recovery pumps

Time (second)

0.0

1.0

15.0

28.0

33.0

33.0

33.0

33.0

33.0

33.0

48.0
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Table 1 Event sequence for 100% break near RIH1 (continue)

Open sump isolation valves

Close all gas isolation valves

Open low pressure isolation valves

68.0

115.0

126.0

The reactor will be shut down 1.0 seconds after the break initiation. The reactivity change is

emulated , rising up from +1 mk to +4 mk in 1 second after the break, leading to reactor trip due to

high neutron log-rate. From existing CANDU-9 simulator, -84 mk reactivity is inserted to trip the

reactor in less than 2 seconds. Simultaneously after the break, fuel sheath temperature increases

significantly because of increasing reactivity which increases reactor power. In addition, loss of

coolant during the break reduces the capacity to remove heat from the reactor core. More importantly,

heat transfer coefficient decreases sharply due to the effect of the higher coolant temperature. As soon

as the break occurs, there is the reverse flow from ROH2 back to the broken fuel channel. Due to the

loss of the coolant through the break, the flowrate in the fuel channels decreases until it is less than

100 kg/sec, which takes about 14 seconds after the break, that will result in decreasing the heat

transfer coefficient from 36.362 to 0.5 kJ/sec- c in 10 seconds. The fuel sheath temperature will rise

up from approximately 310

temperature in channel #1-4.

up from approximately 310 c to 937 c in channel #1, the broken channel. Figure 4 show fuel sheath
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Figure 4 Fuel sheath temperature in channel#l-4
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As soon as the break occurs, the pressure at ROHl and ROH2 decreases very rapidly because

of depressurization in the PHT system from 10000 kPa to atmospheric pressure in less than 10

seconds. In reality, the pressure should drop very rapidly when the break occurs to the highest local

fluid saturation pressure 4 . Lower than alarm set-point at 7000 kPa, this pressure will initiate alarm

signal showing ROH2 LOW PRESSURE alarm following by ROHl LOW PRESSURE alarm on

alarm bar in 2 and 6 seconds, respectively. Figure 5 shows pressure decreasing in ROHl and ROH2.
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Figure 5 ROHl and ROH2 pressure after 100% pipe break

Receiving two alarm signals, LOCA signal is initiated showing LOCA alarm on alarm bar in

15.0 seconds after the break which is quick enough to send the signal to open gas isolation valves and

reserved water tank (RWT) valves. After the break 28.0 seconds , all RWT valves and gas isolation

valves will be open. The flowrate of the water from reserved water tank to reactor building via RWT

valves is about 3820 kg/sec. After gas isolation valves are open, the pressure in water tanks increases

from 200 kPa to 6.7 MPa due to gas leaving from gas tanks. The pressure upstream of rupture disks

reaches 2000 kPa. Rupture disk (RD) 1, 2, 3, 4, 5, 6 burst in 33.0 seconds after the different pressure

between upstream and downstream is greater than 300 kPa. The water is injected into PHT system.

According to the water injected to PHT system, PHT pressure increases to 6000 kPa and fuel sheath

temperature will drop rapidly from 937 c to about 450 c and slowly decrease to 236 c. After the

break 48.0 seconds, recovery pumps PI and P2 will be started in circulation mode waiting for the
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signal to open sump isolation valves. The signal is generated to open sump isolation valves after the

break 68.0 seconds. The pumps will operate in that mode until the water level in one of four water

tanks reaches the level at 10.0 m in 115.0 seconds after the break and then gas isolation valves are

close. Consequently, the pressure in PHT will decrease to about 1800 kPa. The signal to open low

pressure isolation valves is generated 126 seconds after the break. Flowrate to all headers is about 150

kg/sec. In recovery phase, according to reducing in flowrate to headers, the fuel sheath temperature

will continue to go up and remain constant at 350 °c.

CONCLUSION

This ECCS simulation is a stand alone simulation which can only implement for analyzing

the large break near RIH1 according to the method used to created the network modeling. In this

model, it is found that the calculation results from network solver, such as pressure and flowrate in

ECCS are consistent with the values from design data of initial condition in normal operation and for

recirculation mode in recovery phase. The deviation of these result values is less than 10% from

design data. Moreover, for monitoring and operating the simulation, the interface of the calculation

engine and user interface screens performs very well in real time mode.
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