SPACE DISPOSAL OF HAZARDOUS WASTE

Summary of the study 

performed by Astrium Space Transportation (France) and Yuzhnoye State Design Office (Ukraine) on behalf and with support of ESA
Statement of the problem

The analysis of the ecological situation on the Earth related to the increasing volume of waste from nuclear power plants (NPP), shows that the question of processing and the safe management of spent nuclear fuel and radioactive waste (RW) will get more and more serious for mankind in the near future.

The traditional approach to solve the problem of RW storage lies in the burial in stable geological formations However, this storage has two major limitations: first, the approach proved to be very costly (e.g., 3 billion dollars were spent only for research works on building of national storage in Nevada State); second, even gigantic investments do not guarantee success in geological burial because scientists-geologists show that the Earth’s inner core is slowly moving with regard to its surface layers; in such a case it can be doubtful that the soil in any place of the Earth could be stable beyond period of time estimated at hundreds years.

The progress reached in the leading countries of nuclear industry during the last years in the field of processing of low-active and middle-active parts of RW allows to reduce, to some extent, the acuteness of the problem. However, in opinion of experts this minimizes volume of non-storable waste but does not solve the problem as a whole. Whatsoever the way the used nuclear fuel is processed, small volume of extremely long half life high radio-activity elements remains, and it presents a great threat to the Earth biosphere. 

The proposed approach

The "long-life high activity" (with half-life period of hundreds of thousands of years) waste (LRW) might be stored in space with the help of Launch Vehicle (LV) systems. This will allow to forever free the Earth’s biosphere from the most harmful part of RW. While waste with rather small half-life period will still be subject to vitrification and packing in special containers for geological burial, accumulation of LRW will stop in future geological repositories. 

The problem of RW removal into space by means of LV systems requires joint efforts of experts from nuclear industry and the ones in the field of space industry. The first should ensure that LRW after processing at radiochemical plants is separated from waste with small half-life period. Then, the LRW should be placed in capsules to be transported and inserted in containers for LV removal. Once LRW is packed into containers for LV removal, the following sequence of operations could be implemented: 

1. The LV inserts special waste removing orbital stage (with LRW) into reference circular orbit around the Earth. 

2. An orbital upper stage system provides injection to Earth escape trajectories.

The work performed so far

Analysis of the current situation

According to estimations, the investigated volume and mass of LRW which is subject to removal in space does not exceed one percent of volume and mass of used nuclear fuel processed at radiochemical plants.

Taking into account the specificity of the problem of RW removal into space, a choice of launch bases and launch vehicles has been considered encompassing the following technical and economic characteristics: 

- presence of ground infrastructure;

- degree of automation of works on preparation of LV and payload; 

- reliability and high enough thrust characteristics of LV. 

Proposed solution

The outcomes of the study feature that there are various available LVs types that can be used to solve the problem of removal of LWR in space, e.g. the “Zenit” family is mostly corresponding to these criteria. Considering the experience of their exploitation at the Baikonur cosmodrome, the use of the two-stage or three-stage "Zenit" variants for RW removal from our planet will be the best appropriate option. The baseline for this study will be the modified "Zenit-2" LV of Land Launch and "Zenit-3SL" LV of Sea Launch.

The table below features the preliminary forecast of RW volume which modified LV of “Zenit” family can lift-off in space.

	
	Zenit-2SLB
	Zenit-3SLB

	LV lift-off mass, t
	462
	468

	Mass of the waste removing orbital stage in the reference orbit Н≈200 km, t
	14
	

	Mass of the waste composition to be removed containing highly active radioactive waste, t *
	0,9
	1,2


* Preliminary analysis shows an opportunity to increase waste removal by 20-30 % 

In the next table, the number of "Zenit" type LV launches necessary to remove LRW corresponding to an annual work cycle of  NPPs in function of their capacity is shown.

	Country
	NPP Capacity, GW
	Number of launches by “Zenit” LV (Land Launch option)
	Number of launches by “Zenit” LV (Sea Launch option)

	France
	63
	10
	9

	Germany 
	21
	 (3,15)
	3

	Russia 
	20
	3
	 (2,9)

	Great Britain 
	13
	2
	2

	Ukraine
	12
	(1,8)
	(1,6)

	Bulgaria 
	4
	(0,6)
	 (0,6)

	Czech Republic
	3
	(0,5)
	(0,5)

	Slovakia
	2
	(0,3)
	 (0,3)


Total per year




21 (21,35)


20

Once in orbit, the following options have been identified for the LRW stage:

· Removal of waste out of the Sun system;

· Disposal of waste on a stable orbit around the Sun

· Destroying (total destruction) of waste at the expense of its delivery to the Sun;

· Burial of waste in asteroids, orbits of which never pass near the Earth.

The development of the relevant LV system could follow two parallel activities: 

1. Development of the waste removing orbital stage and demonstration of its reliability and safety with the potential use of the LVs based at Baikonur cosmodrome. 

2. Creation and experimental-industrial exploitation of the LV for removal of highly radioactive waste on the basis of “Zenit-M” Space Rocket Complex at Baikonur cosmodrome. 

The way ahead

Three main directions of the project’s future developments should be taken into consideration. 

Conceptually, one should convincingly show to the target audience that in case of realization of the LRW removal in space, the controversial issue of closing of radiochemical plants will cease to be so acute as the accumulation of LRW in the Earth biosphere will stop. As a result, growth of nuclear energy-generating industry will be provided in accordance with regulations to preserve the environment. Processing of waste of nuclear industry will progress, as well as the LV market. Removal of already buried LRW in the Earth’s storehouses might also be implemented. 

Technically, to prove the feasibility of the proposed  approach, a capsule which will provide perfect safety of waste removal into the space should be designed, produced and demonstrated. Taking into consideration the long experience of Yuzhnoye SDO in creation of rocket-space technologies, this problem will be successfully solved in the course of the further project development.

From the organizational perspective, it is absolutely expedient to get all the major stakeholders involved as early as possible. They include not only the experts from nuclear and space industries, but also environmentalists, legislators, state and regional public authorities, lawyers (in particular, specialists in the Space Law), insurance companies etc. 
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