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With the growing level of carbon 
dioxide (CO

2
) in the atmosphere, it 

important to understand the biggest 
contributors and investigate options for 
reduction. One of the largest sources of 
carbon dioxide is power generation, an 
area that will only continue to grow as 
the world’s population does the same. 
Among the many potential emerging 
technologies, nuclear energy is well 
positioned to contribute as a low 
emission supply of energy. Over the last 
few years, several countries have been 
exploring options for the next 
generation of nuclear reactors. One 
option currently in development by the 
Korea Atomic Energy Research Institute 
(KAERI) is the Sodium-cooled Fast 
Reactor (SFR).

Since its establishment in 1959, KAERI 
has been the only research institute in 
Korea dedicated to nuclear energy. 
Over the past 60 years, it has 
accelerated developments in nuclear 
technology and made significant 
achievements, including the 
localization of PHWR and PWR reactors, 
the design of a Nuclear Steam Supply 
System (NSSS) - applied to Uljin Units 3 
& 4 - and the design and construction 
of the multi-purpose research reactor 
HANARO. As the first research institute 
of science and technology in Korea and 
one of the world's best centers of 
nuclear research, KAERI is building a 
safe society centered on people and the 
environment.

What makes the SFR unique is that it 
uses molten sodium as the reactor 
coolant. This allows for a much higher 
power density than a water cooled 
reactor with a lower coolant volume. 

However, one of the dangers of this 
type of reactor is how reactive sodium 
is with water and air. A sodium-water 
reaction is an explosive exothermic 
reaction that generates hydrogen gas 
that could result in a pressure increase 
in the system. This increase in pressure 
puts the integrity of the entire system 
at risk. Under normal operation this is 
never a concern as the sodium of the 
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closed loop intermediate heat transfer 
system (IHTS) is circulated between the 
primary heat transfer system and the 
steam generator, never contacting air 
or water. 

It is however possible to have a steam 
generator tube break or leak, which 
could cause a high pressure wave with 
corrosive reaction products created and 

Figure 1. Schematic diagram of a SWRPRS. C1: Hot leg rupture disk, C2: Cold leg rupture disk, C3: 
Sodium dump tank, C4: Back pressure rupture disk, C5: Gas-liquid separator, C6: Hydrogen 
igniter, C7: Water dump tank. L1: Hot leg sodium dump line, L2: Cold leg sodium dump line, L3: 
Gas-liquid separator connection line, L4: Back pressure rupture disk gas vent line, L5: Cold leg 
sodium dump line, L6: Feedwater supply line, L7: Small diameter SG water dump line, L8: Large 
diameter SG water dump line, L9: WDT gas vent line. V1: Cold leg sodium dump line isolation 
valve, V2: Feed water isolation line valve, V3: Main steam line isolation valve, V4: Small diameter 
SG water dump line isolation valve, V5: Large diameter SG water dump line isolation valve, V6: 
Nitrogen supply line isolation valve
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spread through the IHTS. For this 
reason it is critical to incorporate a  
well-designed rupture disk and  
sodium-water pressure relief system 
(SWRPRS) to mitigate any large size leak 
events. For this reason KAERI has used 
Simcenter™ Flomaster™ software to 
run a performance analysis of their 
SWRPRS design. They were able to 
accurately carry out transient 
simulations to evaluate dynamic 
behavior of the fluids inside the steam 
generator being vented into a sodium 
or water dump tank in the event of 
broken stream generator tubes. 

Overall the goal of the design is to 
ensure that, should a large leak event 
occur, the sodium in the shell side and 
the feed water in the tube side can 
both be evacuated separately as quickly 
as possible. To analyze the system in 
Simcenter Flomaster, the water and 
sodium flow distribution systems were 
modeled in the software while the 
steam generator was modeled 
separately. As the simulation was run, 
the water system model was 
responsible for calculating:

• Water leak mass flow rate and 
temperature,

• Gas leak mass flow rate and 
temperature, and

• Concentration of gases.

Meanwhile the sodium system model 
was responsible for calculating the 
pressure of the sodium side shell. These 
values were then dynamically shared to 
balance the systems performance. 

With the different system models 
constructed, it was possible to look at 
two different line sizes of four and 
eight inches. 

To look at the time required to 
discharge the system the same 
procedure was followed for both line 
sizes. Once the event is trigger the 
water supply pump starts immediately. 
It is assumed that the time required to 
start and stop the pump along with the 
time to open and close the valve is five 

seconds. The goal of this is to keep the 
pressure on the side of the steam 
generator higher than the pressure on 
the shell side preventing sodium flow 
into the generator. To aide this process, 
nitrogen is injected at a pressure of 
twenty bar until all of the fluid on the 
steam generator side is vented. 

From the analysis, it was determined 
that sodium in the shell side of the 
steam generator and in the 
intermediate heat transport system was 
completely vented within fifty seconds 
and feed water in the tube side of the 
steam generator was completely vented 
within two and a half seconds. It was 
also shown that the pressure on the 
tube side of the steam generator was 
always higher than the pressure on the 
shell side of the steam generator. The 
use of Simcenter Flomaster to complete 
these simulations mean KAERI can use 
the result as the basis for additional 
design considerations for their 
Prototype Generation IV sodium-cooled 
fast reactor. n

Figure 2. Simcenter Flomaster model of the 
sodium region of the SWRPRS and IHTS

Figure 3. Feed water mass in the tubes of the steam generator and the water dump tank during shut-down
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