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1. Introduction 
 

When an accident occurs in a reactor, passive tanks 
with various types are used to supply emergency cooling 
water to a reactor vessel. A nitrogen pressurized safety 
injection tank and core makeup tank are used in the 
passive loop type reactors such as AP600, AP1000 and 
so on. A nitrogen pressurized safety injection tank has 
been typically designed to quickly inject a high flow 
rate of coolant when the internal pressure of the reactor 
vessel is rapidly decreased due to a large break loss of 
coolant accident, and a core makeup tank has been 
designed to safely inject into the reactor at high pressure 
using a gravitational head of water subsequent to 
making a pressure balance between the reactor and tank 
for the early stages of the accident. In the present study, 
we investigate a two-stage core makeup tank, which is 
designed to inject cooling water into the reactor step by 
step when an accident occurs. A parametric analysis has 
been performed to understand the injection performance 
of the two-stage core makeup tank. 

 
2. Model for performance analysis  

 
Figure 1 shows a schematic illustration of the two-

stage core makeup tank. The two-stage core makeup 
tank consists of a pressure balance line connected to the 
reactor vessel and the core makeup tank as well as a set 
of injection lines connected to the core makeup tank and 
the reactor vessel. As seen in Fig. 1, two injection lines 
are connected to the core makeup tank at two different 
heights to reduce the flow rate of coolant injected into 
the reactor vessel step by step according to the water 
level reduction of the core makeup tank. The lower 
injection line is connected to the lower end of the core 
makeup tank to continuously provide an injection 
passage for coolant filled within the core makeup tank. 
The upper injection line is connected to the core 
makeup tank at location at predetermined height from 
the core makeup tank bottom to provide injection 
passages for coolant until the water level of the core 
makeup tank becomes lower than a predetermined water 
level. When an accident occurs and the pressure or 
water level of the reactor vessel drops, the isolation 
valves installed in the injection line are open by a 
control signal of the relevant system, and an injection is 
started from the two-stage core makeup tank into the 
reactor vessel.  

For thermal hydraulic model of two-stage core 
makeup tanks, the mass conservation, Bernoulli 
equation, and Darcy formula are used as follows [2] : 
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where Lρ  is the water density, TankA  is the cross-
section area of the core makeup tank, ( )L t  is the water 
level of the core makeup tank, EL  is the height 
difference between the lower injection line and the 
bottom of the core makeup tank, injm  is the injection 

flow rate, Ev  is the velocity of the injection line, f  is 
the friction coefficient of the injection line, and EΠ  is 
the pressure-loss coefficient of the injection line. The 
water level of the core makeup tank ( )L t  and the 
injection flow rate of the core makeup tank injm  are 
obtained by using Eq. (1), (2) and (3): 
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where ( )1/ 22 1E Tank EC A A g= +Π , and L0 is the initial 
water level of the core makeup tank. 
 

3. Results and discussion  
 

A parameter analysis was conducted to assess the 
performance of the two-stage core makeup tank. Note 
that TankH  is the height of the core makeup tank; TankD  
is the diameter of the core makeup tank; ED is the 
diameter of the injection line; 1L is the height difference 
between the upper injection line and the bottom of the 
core makeup tank; and ,1EΠ  and ,2EΠ  are the pressure-
loss coefficients of the upper and lower injection lines, 
respectively. The input parameters for the analysis are 
summarized in Table 1, As seen in Table 1, the value of  

,2EΠ  is larger than that of ,1EΠ . Accordingly, the total 
flow resistance is increased step by step according to the 
water level reduction of the core makeup tank to 
decrease the flow rate of coolant injected into the 
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reactor vessel. The other parameters are selected as 

31000 / , 8 , 4 , 0.05L Tank Tank Ekg m H m D m D mρ = = = =
5EL m= . 

Figure 2 shows time variations of the water level and 
injection flow rate of the two-stage core makeup tank 
for case 4, where 0 1 ,1 ,18, 4, 2000,E EL L= = Π = Π =  
5000 . When an accident occurs, coolant within the core 
makeup tank is injected into the reactor vessel  through 
the upper and lower injection lines. The total flow 
resistance of the injection lines is lower when coolant is 
injected through the two passages of the upper and 
lower injection lines than when coolant is injected 
through only one passage of the lower injection line, 
and coolant is injected at a higher flow rate  into the 
reactor vessel when an accident occurs during the initial 
stage. The gravitational head of water is gradually 
decreased by the water level reduction of the coolant 
until the coolant level of the core makeup tank is 
reduced lower than the upper injection line ( 1L =4); 
therefore, the flow rate of coolant injection is gradually 
reduced. Then, the flow rate of coolant injection is 
instantaneously and rapidly reduced when the coolant 
level of the core makeup tank is reduced lower than the 
upper injection line ( 1L =4). The coolant is not injected 
through the upper injection line. therefore, injection 
from the core makeup tank into the reactor vessel is 
carried out only through the lower injection line. Thus, 
injection is conducted at a lower flow rate. The flow 
resistance when coolant is injected only through one 
passage of the lower injection line is higher than when 
coolant is injected through the two injection lines. Thus, 
injection at a low flow rate can be carried out for a long 
period of time. The low-flow-rate injection continues 
until most of the coolant of the core makeup tank is 
injected into the reactor vessel, and the injection time 
can be adjusted according to the design of the core 
makeup tank. 

Table I: Input parameters for the performance test 

 0L  1L  ,1EΠ  ,2EΠ  

Case 1 8 6 1000 5000 

Case 2 8 4 1000 5000 

Case 3 8 2 1000 5000 

Case 4 8 4 2000 5000 

Case 5 8 4 2000 10000 

 

 
Fig. 1 Schematic of two-stage core makeup tank 

 

 
Fig. 2 Time variations of the water level and injection 
flow rate of the two-stage core makeup tank 

 
3. Conclusions 

 
The performance of the two-stage core makeup tank 

was investigated numerically. When an accident occurs, 
the coolant in the two-stage core makeup tank is 
injected into the reactor vessel by a gravitational head of 
water in a pressure balance state between the reactor 
vessel and the core makeup tank. At the early stages of 
the accident, coolant from the two-stage core makeup 
tank is injected at a high flow rate into the reactor. 
Subsequently, coolant is injected at a low flow rate for a 
long period of time at the middle and late stages of the 
accident. The two-stage core makeup tank is capable of 
injecting coolant into a reactor vessel by two step 
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according to the characteristic of injection required 
when a reactor accident occurs.  
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