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Presenter
Presentation Notes
Here’s the agenda of the presentation. . .

Now, I will briefly introduce you fusion -  in general, …
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what process POWERS the sun?

For billions of years, the sun has derived its tremendous amounts of energy from FUSION’
At the sun, light atoms fuse into heavier ones releasing huge amounts of energy. 
fusion is a very EFFICIENT process to produce LARGE amounts of energy in a CLEAN and SAFE way. 
Our quest is to overcome the technical challenges to harness this abundant energy source for the benefit of energy production on EARTH’




What is Fusion? 

Small 
Atom 

Small 
Atom 

 Large  
Atom  ENERGY + 
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What exactly is fusion?
Two small atoms are fused together to form one large atom.  This process releases energy.
Fusion occurs above a certain threshold TEMPERATURE - In this temperature range - plasma
In general, the smaller the atom, the lower the temperature to produce fusion.
Temperatures of 100’s of millions of degree C are needed for the DT fusion reaction to occur. 

What are plasma’s, how do they look like?
We are around us all the time: the sun is a giant plasma and so are all the other stars.
In nature plasma occurs in lightning.




deuterium   tritium          helium       neutron 

→ +  

 

• The energy released from 1 gram of fused DT equals the energy from 
about 2400 gallons of oil 

Fusion 
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....NEUTRON which is also produced by the fusion reaction.’
‘This is what its all about: this neutron carries most of the ENERGY we were looking for. This is really an INCREDIBLE AMOUNT of energy.’

This reaction must be confined – because of the high temperature.  The sun uses gravity, but this presentation is about magnetic confinement on earth




Toroidal Magnetic 
Confinement of 

Plasma 
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General concept on the left – magnets keep the plasma in the center.
And to show that magnetic fusion is progressing, JET is advanced enough to produce a plasma and get a picture of it.
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‘...this is how it looks from the inside. In here, high temperature plasma’s can be made.
This machine is called a Tokamak which is russian for Toroidal Magnetic Chambre / Vessel. This machine is our fusion reactor capable to produce plasma’s of 250 million degrees confined from the wall using strong magnetic fields.
This is from the JET facility – about 1/10th the scale of ITER
Using the lessons learned from JET and other fusion facilities around the world, ITER will be built in France.



ITER Construction Site (Cadarache, France) 
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Just to show you that progress on construction is being made – in 2007 this area was covered with trees, 2008 looked like this and five years later the site looks like this
But there are still issues to be solved



• Major issues areas include: 
– Temperature Gradient 
– Heat loads 
– Plasma Control 

• Diagnostic instrumentation 

– Tritium retention and in-vessel dust control 
– Magnet performance 

– Fuel cycle  
 

Key Technology Challenges 
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Key challenges for magnetic fusion are:   ….
Most of the fusion community agrees that those above the line are hard.  The fuel cycle falls below the line. 



• (Kilograms per day) must be effectively processed over a range of 
temperatures, pressures and compositions while observing stringent 
accountancy, availability and environmental release constraints.   

• Three key technological challenges for each tritium process in the Fusion 
Fuel Cycle are: 

A. Contain the tritium within physical boundaries and minimize contamination of the 
surroundings;  
B. Maintain control of tritium process;  
C. Sustain the fusion fuel cycle by recycling the tritium fuel needed to perpetuate the 
fusion reaction  

 

Tritium Technical Challenges 
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But there are challenges that we must solve…

Let me explain these in a little detail



• Primary Process Requirements to sustain the Fusion Fuel Cycle : 
– Provide ‘fuel quality’ mixtures to the machine (H-H, D-D, D-T)  
– Provide ‘tritium-free’ gas for release to the environment.   

• Other requirements of the Fuel Cycle: 
– Process large quantities of hydrogen isotopes over a wide range of pressures and 

concentrations:  
• Pump/evacuate,  
• Separate,  
• Purify,  
• Concentrate, and  
• Store  

Fuel Cycle 
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At a high level, the Fusion Fuel cycle must sustain the fusion machine.

Since I am more a visual person, I’ll show you a graphic



ITER Fuel Cycle: 

Note: Q2 = H, D or T 
 

Simplified Magnetic Fusion Fuel (re) Cycle 
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This simplified version shows fusion fuel cycle.  
Start at SDS, D-T injected into tokamak by fueling system, where a small fraction is used by the fusion process. When that is complete, vacuum pumping delivers all the gases to TEP – where we separate the hydrogen isotopes from the rest of the gases.  The hydrogen gases are delivered to ISS for separation into tritium and deuterium stream which are stored in SDS until it is required for fueling. This constitutes a closed system for tritium processing.
Requirements for TEP – 240 curies to DS (regulatory system limit) and no impurities to ISS (they will freeze).
This may seem like a simple system, but some additional requirements and the details are what make it challenging
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Fuel cycle composed of many systems with differing lower tier requirements– all focusing on moving hydrogen isotopes – specifically deuterium and tritium – to the next system. 

To sustain the fusion reaction a complex system of process requirements is needed



Tritium site inventory: Low (< 4 kg) 
 
Plasma tritium inventory: ~ 0.2 g 

D-T 
Fuel 

He, D-T 
Impurities 

– Fuelling rates and Torus pumping 
requirements differ for inductive (450 s), for 
hybrid (1000 s) or for steady state (3000 s) 
operation to maintain the plasma operation 

– Tritium throughput (1 liter (STP) per 
second) unprecedented by about an 
order of magnitude 

      

Selected Fuel Cycle Requirements (ITER) 
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Tritium inventory on the entire ITER site will be less than 4Kg. With the small inventory per plasma and the fueling rates, this will mean that a large quantity of gas must be recycled through the system – 1 liter per second.  This gas will contain D, T, HE as well as impurities.  This is an amount that is above current processing by about an order of magnitude and forms the basis for a relatively complicated, but robust system.

And every system on the previous slide must contribute to meeting these machine fueling requirements.
This is only the beginning of the requirements.



• Confinement is one of the most important safety objective 
– Basic targets of confinement 

• Prevent spreading of radioactive material in normal operation 
• Keep radiological consequences in off-normal conditions within acceptable levels 

– Confinement function is achieved by a coherent set of physical barriers 
and / or auxiliary techniques 

– Example: 

 First confinement system 
Inert glovebox and its extensions 

Second confinement system 
Filtered venting and detritiation 
systems operating on rooms 
surrounding gloveboxes, bounded 
by building walls and slabs 

Tritium Confinement Requirements for TEP 
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In addition to the swift processing rate, because we are processing tritium, an important safety objective is to contain the tritium. We do this for two basic reasons – to prevent spreading of …. And to keep radiological . . . .
For ITER the confinement function  is defined to achieve a coherent set of . . .  First confinement to prevent release to working areas and second to prevent release to pew general public and environment.



• Fusion is a long journey – designs must be robust, 
but not overly expensive or complex 
– Able to explain to regulatory authorities 

• One solution is to analyze operational scenarios 
– Identification of most demanding and most 

common operations 
• Most common requirements at highest reliability 

and availability (RAMI) 
• Critical item: Document design values and 

assumptions 
– As example: segregation of gases due to 

staged regeneration of cryopumps considered 
• “Hydrogen likes” at 100K 
• “Air likes” at 300K 
• “Water likes” at < 470K 

 

Most 
Demanding
Operations

Most Common Operations

All operating times and modes

Other considerations 
(e.g., processing time, 

composition)

Most Demanding 
Design Values

Most Common 
Design Values

Process Flow Diagram
(Draft 1)

Process Flow Diagram
(Draft 2)

Conceptual Design Process Flow Diagram

RAMI Value
Engineering

16 

Design Approach 
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How do we design for faster over a long time? Designs must be robust. . . RAMI is an important criteria for design acceptance.  For the fuel cycle, the system must be able to perform it’s function whenever the tokamak is functioning. 
What the TEP team did was to study the scenarios and their respective needs and discover that the Most Demanding operations took only a small proportion of the time. The plant needs to meet the Most Demanding operations exceeded those for the Most Common operations. This extra capacity (in terms of items of processing equipment) was examined for use as installed spares to cover the Most Common operations. 
Thereby, the RAMI needs were met in an optimized way.
This allows the system to be appropriately designed – not over-designed (which would be too expensive) and not under-designed (which would not meet requirements).  This philosophy also allows flexibility in that neither the technology nor the PFD will be changed significantly by some change in the input streams.
But one critical item is the identification and documentation of the basis of the design – or the design values used and the assumptions that the design is based upon.
One key assumption is that TEP can take advantage of the segregation of gases due to the staged regenerations of the vacuum cryo pumps.  This allowed us to design sub-systems – HLP, ALP and WLP.
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Simplified PFD I’ll briefly step through this
Input streams are evaluated and sent to the appropriate sub-system
HLP – CR then permeator trains  where hydrogens go to ISS and non-hydrogens go to DS – detritiation system
In a value engineering effort, we combined ALP/WLP. In this system we  go CR PMR then hydrogens to ISS . . .
We also have a specialty stream for the HGDC – goes through CR then mole sieve bed before going to ISS.
it is a requirement to minimize releases, to send tritium to DS that is ALARA and the FCU does this and also permits verification before transfer to DS. The tanks are for sampling of gas as well as allowance for gamma decay of species such as Ar-41.
So now we’ve taken one of the boxes on the fuel cycle slide and added high level details
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So now that expansion of detail is done for each system - and that creates a complex project with many requirements and interfaces.



• Fusion Fuel Cycle systems constitute a rather complex chemical plant 
– Unprecedentedly high throughputs with closed loop tritium processing systems 

• Deuterium/tritium processing cover wide range in physical chemistry 
• Fuel Cycle systems are currently being designed for ITER 

– Engineering & design involves integration of R&D to appropriately respond to 
challenging requirements for tritium processing 

• Still much to be done 
– This community needs to maintain, and to further develop, knowhow on tritium handling 

and tritium technology 
• Fuel Cycle design needed near term (Safety Report, building interfaces) 

– Tritium testing, commissioning, operation more than 10 years from now 

Summary 
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Just read the slide
But before I take questions – one final slide
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I’d like you to remember  that we have to invest before this becomes a reality.
It’s up to the scientists and engineers to do the job, it’s up to the politicians to push the project.

We shouldn’t forget that we don’t do all this science because we like fusion so much or because we like the sun so much....
We do this to be able to providee clean energy because we like our earth so much.

Thank you for your attention
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