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Introduction

While nuclear power plants are certainly very safe, they are not perceived as such by the general populace.  Also, there are concerns about overland transport of spent fuel rods and other irradiated components.  It is proposed that the nuclear components of nuclear power plants be placed underground in stainless steel vessels with secondary coolant fed from them to turbines at or near the surface.  All irradiated components, including spent fuel, would remain in the chamber indefinitely.  This general concept was suggested by the late Edward Teller and Andrei Sakharov, generated some activity 20-25 years ago, and appears to be reviving in interest.  Recent work has dealt with issues of geologic stability of underground, possibly reinforced, caverns.  This paper presents another approach that makes siting generally independent of geology by placing the reactor components in a robust stainless steel vessel capable of resisting the full overburden external pressure as well as potential internal pressures from system fault conditions.
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Description of Concept

A schematic of the concept is shown in the figure.  The large underground stainless steel vessel would be on the scale of the ITER cryostat.  Siting would not be limited to certain types of geologic formations such as bulk salt or clay formations, and should be more tolerant of the proximity to underground water.  The chamber is about 20 meters (65 feet) below the surface, and would therefore along its height have to resist external pressures from unrestrained soil of 0.5-1.9 MPa.  It should also be able to withstand about 1.2 MPa (170 psi) internal pressure from a fault condition.  The vessel depth would be sufficient for safety, security, and long-term reuse of the surface, but no deeper.  Note that underground structures are known to be more secure against seismic events that those on the surface.
A water-filled basement in the vessel would store spent fuel rods indefinitely, unless an effort is made to recover and reprocess them.  The reactor vessel and other activated components would be decommissioned in place and also remain in the vessel indefinitely.  Any emergency core cooling water could be stored in underground cisterns above the vessel.  Siting underground should be safer and more secure than aboveground and, because material transfer back to the surface can be easily monitored, relatively proliferation-resistant.  This concept eliminates the need for overland transport of activated components and spent fuel to a distant central repository.  By filling the vessel with rocks, concrete, etc. after the useful life is over, unauthorized access could be made very difficult; and any residual radioactivity seepage, if any, should be containable to a level well below that from the natural diffusion of radon gas.
Engineering and Economics

The figure shows the option with a stand-alone vessel, which must be 5 cm thick at the top increasing to 19 cm thick at the bottom to withstand the overburden loads and be stable to buckling.  This vessel would have a mass of 5600 tonnes and cost about $140 million.  Adding the excavation cost gives a total cost of about $180 million, roughly 9% of the total cost of a 1.0 GW(e) nuclear power plant, not subtracting the aboveground containment it replaces.  A second option with a thinner vessel but with a minimum of 3 m concrete around it reduces total cost to about $110 million, about 5.5% of the total plant cost. 

Discussion

Siting of nuclear power plant components underground in stainless steel pressure vessels, with waste storage and decommissioned components remaining in place, and no overland transport, could be a cost-effective means of allaying public concerns over nuclear power.  It greatly reduces the chances and consequences of accidents and sabotage, and should also limit problems of waste storage, decommissioning, and, possibly, proliferation.  This is no doubt a controversial approach and there are many pros and cons.  Having dozens of vessels with radioactive wastes in underground sites is not appealing.  However, the vessels are rather deep, and at end-of-life are sealed and filled with dirt, rocks, concrete, etc.  They would be like large, steel-lined boulders and unwanted access would be very difficult.  The depth of burial would be sufficient so that the surface can be re-used for related or unrelated activities.






