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Abstract. Next generation nuclear power plants are required to exceed the safety of existing nuclear power - which is 
already the safest form of electricity generation.  The dominant harm from nuclear power plant accidents is not the 
radiation itself but rather the poor public response driven primarily by fear.  ThorCon intends to address this fear by 
demonstrating on a live reactor an immediate full station blackout at full power with no operator intervention.  This is 
a more severe external event than occurred at Fukushima Daiichi which had full power cooling for 45 minutes after 
reactor shutdown before the station blackout.  The goal of the demonstration is to build confidence in the regulator, 
government, and press that an evacuation is not necessary even in very severe external events.  Such a severe test 
naturally raises concerns about the safety of the test itself.  This paper presents a series of smaller tests, each building 
on the previous tests leading up to the final live test to ensure that the test itself is not unsafe.  Key Words: panic 
evacuation, safety case, plant description, four loops, primary loop, drain tank, coldwall, Fukushima Plus. 

FEAR:  THE MOST DANGEROUS ELEMENT OF NUCLEAR POWER 

In terms of lives lost nuclear power is already the safest form of electricity generation.(1)  But for next 
generation nuclear we are called on to be even safer than current nuclear.  To see where there is room for 
improvement we should examine the cause of previous accidents and the harm that resulted.  We have three major 
accidents to study.  Common to all is that it took several errors to lead to the accident.(2)  Also common is that 
human errors either in design or during the accident were major contributors.(3)  In each accident the number of 
people hurt or killed by radiation was a small fraction of the harm that resulted from the accident.  

The most recent event occurred at the Fukushima Daiichi plant in Okuma. A few workers received enough 
radiation to warrant some treatment and on-going health monitoring.(4) One person died of cancer that may be 
related to radiation from the plant. Japan took the proper precautions regarding iodine to protect the public.  The 
radiation levels received by the public were so low that any health effects are expected to be too small to detect.(5)  
However, this is not to say there wasn’t substantial harm.  Around 1,600 people died due to the panic 
evacuation.(6) The poor response to the accident caused much more harm than the accident itself.  The same was 
true of the even worse accident at Chernobyl.  

As we expand nuclear power we must reduce the ability of human error to cause an accident. This is generally 
acknowledged in the industry as we move to passive safety systems.  However, even more important is to reduce 
the panic response in an accident.  The vast majority of the harm from nuclear power is from panic responses not 
accidents themselves.  We must work to build public and government confidence in the safety of nuclear power. 
Building confidence in the safety of nuclear is an activity that requires action on the part of the developer, operator, 
regulator, legislator, and president. 
     The safety case for ThorCon is built primarily on live testing.  Hearing that we are going to deliberately cause 
events like happened at Fukushima definitely raises some concerns.  This paper will provide an overview of the 
tests planned leading up to the Fukushima Plus test to ensure that conducting such a test is safe.  ThorCon plans 
to conduct the final test in the presence of the press and government to reassure them that even with an external 
event worse than Fukushima an evacuation is not appropriate. 

Plant Description 

ThorCon is a molten salt fission reactor. Unlike all current nuclear reactors, the fuel is in liquid form, which 
can be moved around with a pump and passively drained. ThorCon is a straightforward scale-up of the successful 
Molten Salt Reactor Experiment (MSRE) at the Oak Ridge National Laboratory, United States. A full-scale 500 
MWe ThorCon prototype can be tested within four years, that is, by 2025. After proving the plant safely handles 
multiple potential failures and hazards, commercial production can begin. 

 



 

2020 Annual Nuclear Safety Seminar (SKN) 
ISSN: 1412-3258 © 2020 BAPETEN – FMIPA UI 

 208 
 

A ThorCon plant requires less of the planet’s resources than a coal plant.(7) Assuming efficient, evidence-
based regulation, ThorCon can produce clean, reliable, CO2-free electricity at US$0.03/kWh — cheaper than 
coal. The complete ThorCon plant is manufactured in 150 to 500 ton blocks in a shipyard. This produces order of 
magnitude improvements in productivity, quality control, and build time. A single large reactor yard can turn out 
twenty gigawatts of ThorCon power plants per year.  

A ThorCon power plant is built in a shipyard, then towed to a nearshore site and ballasted down onto the 
seabed. The sea provides for transport of the complete power plant and the provisioning of fuel and reactor Cans.  
It also provides water for steam condenser cooling. FIGURE 1 below shows a CanShip and two 500 MWe units 
with one undergoing a maintenance cycle that occur once every four years. 

ThorCon is a high temperature reactor with thermal efficiency of 46.4% compared to about 33% for a standard 
light water reactor, reducing capital costs and cutting cooling water needs by 40%.  ThorCon employs four flow 

loops for converting nuclear heat to electric power, 1) the primary loop inside the Can, 2) the secondary salt loop, 
3) a solar salt loop, and 4) a supercritical steam loop. The ThorCon steam loop is a standard, single reheat, super-
critical steam cycle, nearly off the shelf technology. 

 
ThorCon does not rely on electric power from the grid for startup or any electricity for safety. The plant can 

load-follow, handle disconnects, self-start, and also help blackstart a powerless grid. Regular maintenance will 
occur at 4-year intervals, when a CanShip visits to exchange fuel casks and Cans. 

The primary loop is shown in FIGURE 2. Fuelsalt flows through the primary loop containing the reactor Pot, 
the primary loop pump (PLP), and the primary heat exchanger (PHX). The graphite moderator in the Pot contains 
channels through which fuelsalt flows up. Fuelsalt enters the Pot at 565°C and leaves at 704°C. Pot pressure is 3 
bar gage, about the same as a garden hose. The thermal energy output per Can is 557 MWth. The Can is a cylinder 
10.3 m high and 7.8 m in diameter, weighing about 343 tons. The Can has only one major moving part, the primary 
loop pump. 

 
 
 
 

 

FIGURE 1. 2 x 500 MWe ThorCon power units with Can and fuelsalt service ship 
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FIGURE 2.  Primary Loop with Pump, Heat Exchanger and Pot 
 

Below the Pot is a freeze valve.  The freeze valve stays closed using active cooling.  It will open within ten 
minutes by melting should the cooling ever stop (such as happens with station blackout).   

FIGURE 3 below shows the primary loop surrounded by the Can (in red), and below it the Fuelsalt Drain 
Tank (FDT) in green.  The drain tank is composed of 32 3.5m tall, 0.5m diameter cylinders which spreads the 
fuelsalt out far enough that criticality is not possible and provides a large surface area to volume ratio which 
facilitates extraction of decay heat.  The FDT is designed to handle the substantial contraction of salt freezing and 
expansion on thawing. 
 

 
 

FIGURE 3.  Fuelsalt Drain Tank and Can with Primary Loop Inside 
 

Decay heat radiates from the FDT to the Coldwall, shown in dark blue in Figure 4. The heat transfer is 
proportional to the absolute temperature to the fourth power. The Coldwall consists of 25mm steel, 500mm water, 
and 25mm steel.  As the radiated heat brings the steel up in temperature the water inside the Coldwall boils and 
the water/steam mixture rises rapidly creating strong natural circulation. The steam/water mixture goes up through 
a riser to the condenser (far right) where the heat is released and the steam converted back to water.  The cooled 
water is then returned to the basement and eventually re-enters the Coldwall at the bottom in a closed loop system.  
The condenser is located in the bottom of the Cooling Pond.  The cooling pond water is evaporated to disperse 
the decay heat into the atmosphere.  The cooling pond contains sufficient water to dissipate the decay heat for 145 
days before it drys out. 
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FIGURE 4. Coldwall, Condenser and Cooling Pond Removes Decay Heat for 145 Days 

 

TEST PLAN FOR FUKUSHIMA Plus  

(Immediate Station Blackout) 

Step 1: Pre-fission test platform, normal temperature, no decay heat. 

Testing starts with a pre-fission test platform.  This test platform contains a full scale Can/FDT and Coldwall.    
Electrical heaters external to the Pot (reactor vessel) are used to heat up the fuel salt to normal operating 
temperature (635°C).  The fuelsalt in the pre-fission test platform contains no fissile - all heat is supplied by 
electrical heaters.    A drain is performed and the temperature distribution on the walls of the FDT are recorded 
versus time.  Heat removed via the Coldwall is also recorded.  The results are compared with simulation results 
to validate the software simulations.   

Step 2: Pre-fission test platform, high temperature, simulated decay heat. 

Next the fuelsalt is heated to the maximum temperature achievable in the Pot then a drain is initiated.  In the 
FDT heaters are used to simulate decay heat. Again, the temperature distribution and heat extraction are recorded 
versus time and compared with software predictions.  If the temperatures deviate significantly from predictions 
the test is easily aborted by turning off the electrical heaters which eliminates risks in this test.  Decay heat is well 
understood so a close upper bound on decay heat can be reliably predicted.  The test will last until the FDT is cool 
enough that creep damage is essentially over.  We anticipate this will be within four hours. Once the test is 
successfully completed we will have shown that the FDT and decay heat removal system can handle a drain of 
fuel salt from full power. 

Step 3:  Repeat Step 2 Using the Demonstration Plant 

Once tests are completed at the pre-fission test platform a 500 MWe demonstration plant will be built and 
installed. As part of the initial testing before any fission has occurred step 2 will be repeated to ensure that the 
demonstration plant performs just like the pre-fission test platform. 
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Step 4: Fission Testing Using the Demonstration Plant 

After producing partial power (for example 10%) for a short time (for example 15 minutes) repeat the test.  
The decay heat produced initially is proportional to the power level.  Operating for a short time ensures that the 
decay heat will reduce much more rapidly than after fission products have been allowed to build up for a long 
time.  Repeat the test in steps increasing the power level and fission product inventory, verifying at each step that 
the measured data reasonably matches the predictions.  Electrical heaters in the FDT can be used to augment the 
decay heat to mimic the decay heat produced by a full fission product inventory after running the power plant at 
full power for four years.   Again, since the additional heat is supplied by electricity if the test deviates significantly 
from expectations the electrical heat can be removed. The Test Approval Committee must authorize each group 
of steps. 

Step 5: FukushimaPlus Testing Using the Demonstration Plant 

Once confidence has been built through the previous tests the reactor can be run at full power for a significant 
time and a test executed.  The press, and government officials will be invited to witness repeat testing so that they 
can be confident that even with an immediate, full station blackout there is no need for an evacuation. 

CONCLUSION 

As part of the effort to reduce unreasonable fear of nuclear power we intend to conduct a series of tests 
culminating in a demonstration on a live power plant an immediate full power, full station blackout with full 
passive safety (no operator, electricity, or machinery action).  This is a much more severe test than the events that 
occurred at Fukushima.  This will be done to provide the regulator, press, public, and government confidence that 
an evacuation is unnecessary in the event of a future severe external event such as an earthquake or tsunami. 
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